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ity is assumed by Mitsubishi Electric Corporation for their use, nor 
for any infringements of patents or other rights belonging to third 
parties which may result from their use. 



GUIDANCE 



MELPS 7700 16-BIT MICROCOMPUTERS 



PROGRAMMABLE ROM MICROCOMPUTERS 



APPENDICES 



MITSUBISHI MICROCOMPUTERS 

INDEX 



I GUIDANCE PAGE 

Index by Function 1—3 

Deve I opment Su p port Syste nns 1—6 

Ordering Information 1 —8 

Package Outlines 1—9 

Letter Symbols for The Dynamic Parameters • 1—12 

Symbol ogy 1—15 

Quality Assurance and Reliability Testing 1—18 

Precaution in Handing MOS IC/LSIs 1—24 

MELPS 7700 16-BIT MICROCOMPUTERS 

M37702M2-XXXFP, M37702M2AXXXFP, M37702M2BXXXFP. M37702S1FP, M37702S1AFP. M37702S1BFP 

Single-Chip 16-Bit CMOS Microcomputer 2—3 

M37702M4-XXXFP, M37702M4AXXXFP, M37702M4BXXXFP, M37702S4FP, M37702S4AFP, M37702S4BFP 

Single-Chip 16-Bit CMOS Microcomputer 2—62 

M37703M2-XXXSP, M37703M2AXXXSP, M37703M2BXXXSP, M37703S1SP, M37703S1ASP, M37703S1BSP 

Single-Chip 16-Bit CMOS Microcomputer 2—65 

M37703M4-XXXSP, M37703M4AXXXSP, M37703M4BXXXSP, M37703S4SP, M37703S4ASP, M37703S4BSP 

Single-Chip 1 6-Bit CMOS Microcomputer 2—84 

M37720S1FP, M37720S1AFP 16-Bit CMOS Microcomputer 2—86 

M37730S2FP, M37730S2AFP, M37730S2BFP, M37730S2SP, M37730S2ASP, M37730S2BSP 

16-Bit CMOS Microcomputer 2—179 

M37732S4FP, M37732S4AFP, M37732S4BFP 

16-Bit CMOS Microcomputer 2—237 

MELPS 7700 Addressing Modes 2—298 

MELPS 7700 Instruction Code Table 2-341 

MELPS 7700 Machine Instructions 2—344 

PROGRAMMABLE ROM MICROCOMPUTERS 

M37702E2-XXXFP, M37702E2AXXXFP, M37702E2BXXXFP, M37702E2FS, M37702E2AFS, M37702E2BFS 

PROM Version of M37702M2-XXXFP, M37702M2AXXXFP, M37702M2BXXXFP 3—3 

M37702E4-XXXFP, M37702E4AXXXFP, M37702E4BXXXFP. M37702E4FS, M37702E4AFS. M37702E4BFS 

PROM Version of M37702M4-XXXFP, M37702M4AXXXFP, M37702M4BXXXFP 3—26 

M37703E2-XXXSP, M37703E2AXXXSP, M37703E2BXXXSP 

PROM Version of M37703M2-XXXSP, M37703M2AXXXSP, M37703M2BXXXSP 3—28 

M37703E4-XXXSP, M37703E4AXXXSP, M37703E4BXXXSP 

PROM Version of M37703M4-XXXSP, M37703M4AXXXSP, M37703M4BXXXSP 3—51 

APPENDICES 

MELPS 7700 Mask ROM Ordering Method 4—3 

MELPS 7700 PROM Ordering Method •4—16 

Mark Specification Form 4—29 

Contact Addresses for Further Information 



GUIDANCE 




MITSUBISHI MICROCOMPUTERS 

INDEX BY FUNCTION 



■MELPS 7700 16-BIT MICROCOMPUTERS 



Type 


Circuit function and organization 


Structure 


Supply 
voltage 

(V) 


Electrical characteristics 


Package 


Page 


Typ. 
power 

dissipation 
(mW) 


Min. 
cycle 
tinne 

(ns) 


Max. 
fre- 
quency 
(MHz) 


M37702M2-XXXFP 


16K-Byte Mask-Prog. ROIVI, 512-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial I/O 


C, SI 


5±10% 


30 


500 


8 


80P6N 


2-3 


M37702M2AXXXFP 


16K-Byte Mask-Prog. ROM, 512-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial I/O 


C, SI 


5±10% 


60 


250 


16 


80P6N 


M37702M2BXXXFP 


16K-Byte Mask-Prog. ROM, 512-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial I/O 


C, Si 


5±10% 


95 


160 


25 


80P6N 


M37702S1FP 


External ROM, 512-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial I/O 


C, Si 


5±10% 


30 


500 


8 


80P6N 


M37702S1AFP 


External ROM, 512-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial I/O 


C, Si 


5±10% 


60 


250 


16 


80P6N 


M37702S1BFP 


External ROM, 512-Byte RAM 
16- Bit Timer, 8-Bit A-D Converter 
Two Serial I/O 


C, Si 


,5±10% 


95 


160 


25 


80P6N 


M37702M4-XXXFP 


32K-Byte Mask-Prog. ROM, 2048-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial I/O 


C, Si 


5±10% 


30 


500 


8 


80P6N 


2-62 


M37702M4AXXXFP 


32K-Byte Mask-Prog. ROM, 2048-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial I/O 


C, Si 


5±10% 


60 


250 


16 


80P6N 


M37702M4BXXXFP 


32K-Byte Mask-Prog. ROM, 2048-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial I/O 


C, Si 


5±10% 


95 


160 


25 


80P6N 


M37702S4FP 


External ROM, 2048-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial I/O 


0, Si 


5±10% 


30 


500 


8 


80P6N 


M37702S4AFP 


External ROM, 2048-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial I/O 


C, Si 


5±10% 


60 


250 


16 


80P6N 


M37702S4BFP 


External ROM, 2048-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial I/O 


C, Si 


5±10% 


95 


160 


25 


80P6N 


M37703M2-XXXSP 


16K-Byte Mask-Prog. ROM, 512-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial I/O 


C, Si 


5±}0% 


30 


500 


8 


64P4B 


2-65 


M37703M2AXXXSP 


16K-Byte Mask-Prog. ROM, 512-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial I/O 


0, Si 


5±10% 


60 


250 


16 


64P4B 


M37703M2BXXXSP 


16K-Byte Mask-Prog. ROM, 512-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial I/O 


0, Si 


5±10% 


95 


160 


25 


64P4B 


M37703S1SP 


External ROM, 512-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial I/O 


C, Si 


5±10% 


30 


500 


8 


64P4B 


M37703S1ASP 


External ROM, 512-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial I/O 


G, Si 


5±10% 


60 


250 


16 


64P4B 


M37703S1BSP 


External ROM, 512-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial I/O 


C, Si 


5±}0% 


95 


160 


25 


64P4B 


M37703M4-XXXSP 


32K-Byte Mask-Prog. ROM, 2048-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial I/O 


C, Si 


5±10% 


30 


500 


8 


64P4B 


2-84 


M37703M4AXXXSP 


32K-Byte Mask-Prog. ROM, 2048-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial I/O 


0, Si 


5±10% 


60 


250 


16 


64P4B 


M37703M4BXXXSP 


32K-Byte Mask-Prog. ROM, 2048-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial I/O 


C, Si 


5±10% 


95 


160 


25 


64P4B 


M37703S4SP 


, External ROM, 2048-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial I/O 


C, Si 


5±^0% 


30 


500 


8 


64P4B 
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■MELPS 7700 16-BiT MICROCOMPUTERS (Continue) 



"- "■- ' ' 

Type 


Circuit function and organization 


Structure 


Supply 
voltage 

(V) 


Electrical characteristics 


Package 


Page 


Typ. 
power 

dissipation 
(mW) 


MIn. 

cycle 
time 

(ns) 


Max. 
fre- 
quency 
(MHz) 


M37703S4ASP 


External ROM, 2048-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial I/O 


0, Si 


5±10% 


60 


250 


16 


64P4B 


2-84 


M37703S4BSP 


External ROM, 2048-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial I/O 


C, Si 


5±10% 


95 


160 


25 


64P4B 


M37720S1FP 


External ROM, 512-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial I/O, DMA/DRAM Controller 


C, Si 


5±10% 


30 


500 


8 


1dOP6S 


2-86 


M37720S1AFP 


External ROM, 512-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial I/O, DMA/DRAM Controller 


C, Si 


5±10% 


60 


250 


16 


1 00P6S 


M37730S2FP 


External ROM, 1024-Byte RAM 
16-Bit Timer, Serial I/O 


0, Si 


5±10% 


30 


500 


8 


64P6N 


2-179 


M37730S2AFP 


External ROM, 1024-Byte RAM 
16-Bit Timer, Seriall/0 


C, Si 


5±\Q% 


60 


250 


16 


64P6N 


M37730S2BFP 


External ROM, 1024-Byte RAM 
16-Bit Timer, Serial I/O 


C, Si 


5±10% 


95 


160 


25 


64P6N 


M37730S2SP 


External ROM, 1024-Byte RAM 
16-Bit Timer, Seriall/0 


C, Si 


5±10% 


30 


500 


8 


64P4B 


M37730S2ASP 


External ROM, 1024-Byte RAM 
16-Bit Timer, Serial I/O 


C, SI 


5±10% 


60 


250 


16 


64P4B 


M37730S2BSP 


External ROM, 1024-Byte RAM 
16-Bit Timer, Serial I/O 


C, Si 


5±10% 


95 


160 


25 


64P4B 


M37732S4FP 


External ROM, 2048-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial I/O 


0, Si 


5±10% 


30 


500 


8 


80P6N 


2-237 


M37732S4AFP 


External ROM, 2048-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial I/O 


0, Si 


5±10% 


60 


250 


16 


80P6N 


M37732S4BFP 


External ROM, 2048-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial I/O 


0, Si 


5±10% 


95 


160 


25 


80P6N 
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■PROGRAMMABLE ROM MICROCOMPUTERS 



Type 


Circuit function and organization 


Structure 


Supply 
voltage 

(V) 


Electrical ciiaracteristics 


Package 


Page 


Typ. 
power 

dissipation 
(mW) 


Min. 
cycle 
time 

(ns) 


Max. 
fre- 
quency 

(MHz) 


M37702E2-XXXFP 


One time PROM Version of M37702M2-XXXFP 
16K-Byte PROM, 512-Byte RAM 


C, Si 


5±10% 


30 


500 


8 


80P6N 


3-3 


M37702E2AXXXFP 


One time PROM Version of M37702M2AXXXFP 
16K-Byte PROM, 512-Byte RAM 


C, Si 


5±10% 


60 


250 


16 


80P6N 


M37702E2BXXXFP 


One time PROM Version of M37702M2BXXXFP 
16K-Byte PROM, 512-Byte RAM 


C, Si 


5±10% 


95 


160 


25 


80P6N 


M37702E2FS 


EPROM Version of M37702M2-XXXFP 
16K-Byte EPROM, 512-Byte RAM 


C, Si 


5±10% 


30 


500 


8 


80D0 


M37702E2AFS 


EPROM Version of M37702M2AXXXFP 
16K-Byte EPROM, 512-Byte RAM 


C, Si 


5±10% 


60 


250 


16 


80D0 


M37702E2BFS 


EPROM Version of M37702M2BXXXFP 
16K-Byte EPROM, 512-Byte RAM 


C, Si 


5±10% 


95 


160 


25 


80D0 


M37702E4-XXXFP 


One time PROM Version of M37702M4-XXXFP 
32K-Byte PROM, 2048-Byte RAM 


C, Si 


5±10% 


30 


500 


8 


80P6N 


3-26 


M37702E4AXXXFP 


One time PROM Version of M37702M4AXXXFP 
32K-Byte PROM, 2048-Byte RAM 


C, Si 


5±10% 


60 


250 


16 


80P6N 


M37702E4BXXXFP 


One time PROM Version of M37702M4BXXXFP 
32K-Byte PROM, 2048-Byte RAM 


C, Si 


5±10% 


95 


160 


25 


80P6N 


M37702E4FS 


EPROM Version of M37702M4-XXXFP 
32K-Byte EPROM, 2048-Byte RAM 


C, Si 


5±10% 


30 


500 


8 


80D0 


M37702E4AFS 


EPROM Version of M37702M4AXXXFP 
32K-Byte EPROM, 2048-Byte RAM 


C, Si 


5±10% 


60 


250 


16 


80D0 


M37702E4BFS 


EPROM Version of M37702M4BXXXFP 
32 K- Byte EPROM, 2048-Byte RAM 


C, Si 


5±10% 


95 


160 


25 


80D0 


M37703E2-XXXSP 


One time PROM Version of M37703M2-XXXSP 
16K-Byte PROM, 512-Byte RAM 


C, Si 


5±10% 


30 


500 


8 


64P4B 


3-28 


M37703E2AXXXSP 


One time PROM Version of M37703M2AXXXSP 
16K-Byte PROM, 512-Byte RAM 


C, Si 


5±10% 


60 


250 


16 


64P4B 


M37703E2BXXXSP 


One time PROM Version of M37703M2BXXXSP 
16K-Byte PROM, 512-Byte RAM 


C, Si 


5±10% 


95 


160 


25 


64P4B 


M37703E4-XXXSP 


One time PROM Version of M37703M4-XXXSP 
32K-Byte PROM, 2048-Byte RAM 


C, Si 


5±10% 


30 


500 


8 


64P4B 


3-51 


M37703E4AXXXSP 


One time PROM Version of M37703M4AXXXSP 
32K-Byte PROM, 2048-Byte RAM 


C, Si 


5±10% 


60 


250 


16 


64P4B 


M37703E4BXXXSP 


One time PROM Version of M37703M4BXXXSP 
32K-Byte PROM, 2048-Byte RAM 


C, Si 


5±10% 


95 


160 


25 


64P4B 
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DEVELOPIVIENT SUPPORT SYSTEMS 



Development support systems for MELPS 7700 



MELPS 7700 
type name 


Assembler 


Emulation pod 


For evaluate 


M37702M2-XXXFP 








M37702M2AXXXFP 








M37702S1 FP 








M37702S1AFP 
M37702E2-XXXFP 




M37702T-HPD 




M37702E2AXXXFP 








M37702E2FS 








M37702E2AFS 
M37702M4-XXXFP 










M37702M4AXXXFP 






M37702E2FS 


M37702S4FP 






M37702E2AFS 


M37702S4AFP 




M37702T-HPD 


M37702E2BFS 


M37702E4-XXXFP 




(Exchange MCU for M37702S4AFP) 


M37702E4FS 


M37702E4AXXXFP 






M37702E4AFS 


M37702E4FS 






M37702E4BFS 


M37702E4AFS 
M37702M2BXXXFP 










M37702S1BFP 
M37702E2BXXXFP 




M37702TB-HPD** 




M37702E2BFS 
M37702M4BXXXFP 










M37702S4BFP 




M37702TB-HPD** 




M37702E4BXXXFP 




(Exchange MCU for M37702S4BFP) 




M37702E4BFS 








M37703M2-XXXSP 






M37703M2AXXXSP 


RASM 77 






M37703S1SP 
M37703S1ASP 




M37702T-HPD 




M37703E2-XXXSP 








M37703E2AXXXSP 
M37703M4-XXXSP 






M37703E2-XXXSP 




M37703M4AXXXSP 






M37703E2AXXXSP 


M37703S4SP 




M37702T-HPD 


M37703E2BXXXSP 


M37703S4ASP 




(Exchange MCU for M37702S4AFP) 


M37703E4-XXXSP 


M37703E4-XXXSP 






M37703E4AXXXSP 


M37703E4AXXXSP 
M37703M2BXXXSP 


■ 




M37703E4BXXXSP 


. 


M37703S1 BSP 




M37702TB-HPD** 




M37703E2BXXXSP 
M37703M4BXXXSP 
M37703S4BSP 
M37703E4BXXXSP 








M37702TB-HPD** 

(Exchange MCU for M37702S4BFP) 


M37720S1FP 
M37720S1AFP 


M37720T-HPD** 


- 


M37730S2FP 






M37730S2AFP 
M37730S2SP 




M37730T-HPD** 




M37730S2ASP 










M37730S2BFP 
M37730S2BSP 




M37730TB-HPD** 




M37732S4FP 

M37732S4AFP 

M37732S4BFP 


M37732T-HPD** 


- 


M37732TB-HPD** 
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DEVELOPMENT SUPPORT SYSTEMS 



Program writing adapter for built-in PROIVI type microcomputers of MELPS 7700 



Built-in PROM type 
. microcomputers type name 


Program writing adapter 


M37702E2-XXXFP 
M37702E2AXXXFP 
iyi37702E2BXXXFP 


PCA4774 


M37702E2FS 

M37702E2AFS 

M37702E2BFS 


PCA4708 


M37702E4-XXXFP 
M37702E4AXXXFP 
M37702E4BXXXFP 


PCA4774 


iyi37702E4FS 

M37702E4AFS 

M37702E4BFS 


PCA4708 


M37703E2-XXXSP 
M37703E2AXXXSP 
[VI37703E2BXXXSP 


PCA4709 


IVI37703E4-XXXSP 
IS/I37703E4AXXXSP 
M37703E4BXXXSP 
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MITSUBISHI MICROCOMPUTERS 

ORDERING INFORMATION 



FUNCTION CODE 

Mitsubishi integrated circuit may be ordered using the following simplified alphanumeric type-codes which define the func- 
tion of the IC/LSIs and the package style. 



For Mitsubishi Original Products 
Example: M 3 77 02 E 4 - 001 FP 



M ! Mitsubishi integrated prefix 

3 : Represent an original single-chip microcomputer 

Series designation using 2 digits 

Circuit function identification code using 2 digits 

Memory identification code using a digit 

E : PROM P : Piggyback 

M : Mask ROM S : External ROM 

N : Mask ROM+EEPROM 
Memory size identification code using a digit 
Normally, using hyphen. 

When electrical characteristic, or division of quality identification 
code using alphanumeric character. 
T : For automobile, industrial equipment 
Mask ROM number 



\ 





Package style 




^ J : PLCC, or SOJ package 




FP : Molded plastic flat package 




FS : Ceramic flat package 




SP : Molded plastic shrink package 




\ SB : Ceramic shrink package 



PACKAGE CODE 

Package style may be specified by using the following simplified alphanumeric code. 



Example : 64 P 4 B 



Number of pins 
Package structure 

K : Glass-sealed ceramic ^ 

P .' Molded plastic 
~ 8 .' Metal-sealed ceramic 
Package outline 

: PLCC, SOJ 4 : DIP 

1 : DIP 6 : QFP 

2 : SOP 
Secondary outline code 

Special-purpose secondary codes describing outline are included as necessary. For 
details, contact your sales representative. 
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MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 



64P4B Plastic 64pin 750mil SDIP 



Dimension in mm 



56.4 



fO.5 
-0.2 



innnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 



o 



o 



UUUUUUUUUUUUU UUUUUUUUUUUUUUim OT 




0.5MIN w2.8MIN 



19.05 + 0.3 



17.0±0.15 



/ '-^-"z ^ 



n ,-,+0.07 



1 ^ 19-22 



64P6N 



Q. 



Plastic 64pin QFP 

® ® 



:©' 



+1 tzc 

LO If, r 



© 



o 



O 



^ 



O 



MimiiWiM 



® 



® 



© 



® < 



i^J^raS^Sbi 



14.0±0.2 0.6±0^ 



16.8±0.3 



Dimension in mm 



0.6±0.2 



jjkiinnnniMinnfAL 

U*- 14.0±0.2 J':z 

1ft ft4-n Q ^ 



16.8±0.3 
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MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 



80D0 


Cerami< 


: 80pin LCC 
















Dimension 


in mm 




21.0±0.2 








(20.0) 








r" 


>) 


o 


r- / 

C\J 

o 

+1 

CD 
LO 






J 




■^ 


c|)68.8/^ 






J 


\n0.4notch 
NDEX LEAD 










\ 




1 


1 


1 


I V 


^ 






WMl 


1 


L finnn Bo nnonoo j 


0. 80±0. 05 




0. 5typ. 




1 

12.0±0. 15 


CM 
O 
+ 1 


CM 












~ 
















OO 





80P6N Plastic BOpin QFP 




1^'l=,=/Rnnnn^ 






20+0. 2 



0.6±0.2- 



22. 8±0. 3 



Dimension in mm 



, / \ 



0. 6±0. 2 



14±0.2 



16.8±0. 3 
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MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 



100P6S 



Plastic lOOpin QFP 




Dimension in mm 





0) (30) 










CO 

csi 




UDCN 
OO 1 


/ \ 




oo 


/'^'^fflllJlJlJIMMJlllllJll^^ 


1 




o 


20±0.2 0.6±0.2 _ 










22.8 







j^MM^^mro^ 



0.6±0.2 



14+0.2 
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MITSUBISHI MICROCOMPUTERS 

LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS 



1. INTRODUCTION 

A system of letter symbols to be used to represent the 
dynamic parameters of intergrated circuit memories and 
other sequential circuits especially for single-chip micro- 
computers, microprocessors and LSIs for peripheral 
circuits has been discussed internationally in the TC47 
of the International Electrotechnlcal Committee (I EC). 
Finally the I EC has decided on the meeting of TC47 in 
February 1980 that this system of letter symbols will be 
a Central Office document and circulated to all countries 
to vote which means this system of letter symbols will 
be a International standard. 

The system Is applied in this LSI data book for the 
new products only. Future editions of this data book 
will be applied this system. The I EC document which 
describes "Letter symbols for dynamic parameters of 
sequential Integrated circuits. Including memories" Is 
Introduced below. In this data book, the dynamic para- 
meters In the I EC document are applied to timing 
requirements and switching characteristics. 



Subscript D indicates the name of the signal or terminal 
for which a change of state or level (or 
establishment of a state or level) consti- 
tutes a signal event assumed to occur last, 
that is, at the end of the time interval. If 
this event actually occurs first, that Is, at 
the beginning of the time Interval, the 
value of the time Interval Is negative. 

Subscript E indicates the direction of the transition 
and/or the final state or level of the signal 
represented by D. When two letters are 
used, the initial state or level is also indi- 
cated. 

Subscript F indicates additional information such as 
mode of operation, test conditions, etc. 

Note 1 ; Subscripts A to F may each consists of one or more letters. 

2: Subscripts D and E are not used for transition times. 

3: The "-" in the symbol (1 ) above is used to indicate "to", hence the sym- 
bol represents the time interval from signal event B occuring to signal 
event D occuring, and it is important to note that this convention is used 
for all dynamic parameters including hold times. Where no misunder- 
standing can occur the hyphen may be omitted. 



2. LETTER SYMBOLS 

The system of letter symbols outlined in this document 
enables symbols to be generated for the dynamic para- 
meters of complex sequential circuits. Including memo- 
ries, and also allows these symbols to be abbreviated to 
simple mnemonic symbols when no ambiguity Is likely 
to arise. 

2.1. General Form 

The dynamic parameters are represented by the general 
symbol of the form:- 

tA(BC-DC)F (1) 

where : 

Subscript A indicates the type of dynamic parameter 
being represented, for example; cycle 
time, setup time, enable time, etc. 

Subscript B indicates the name of the signal or terminal 
for which a change of state or level (or 
establishment of a state or level) con- 
stitutes a signal event assumed to occur 
first, that is, at the beginning of the time 
interval. If this event actually occurs last, 
that Is, at the end of the time interval, 
the value of the time Interval is negative. 

Subscript C Indicates the direction of the transition 
and/or the final state or level of the signal 
represented by B. When two letters are 
used, the initial state or level is also Indi- 
cated. 



2.2. Abbreviated Form 

The general symbol given above may be abbreviated 
when no misunderstanding Is IjKely to arise. For example 
to: 

tA(B-D) 

or tA{B) 

or ^AlD) — often used for hold times 

or tAF - no brackets are used in this case 

or tA 

or tec-DE — often used for unclassified time 
intervals 

2.3. Allocation of Subscripts 

In allocating letter symbols for the subscripts, the most 
commonly used subscripts are given single letters where 
practicable and those less commonly used are designated 
by up to three letters. As far as possible, some form of 
mnemonic representation is used. Longer letter symbols 
may be used for specialised signals or terminals If this 
aids understanding. 

3. SUBSCRIPT A 

(For Type of Dynamic Parameter) 

The subscript A represents the type of dynamic para- 
meter to be designated by the symbol and, for memo- 
ries, the parameters may be divided into two classes : 
a) those that are timing requirements for the memory 
and 
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b) those that are characteristics of the memory. 
The letter symbols so far proposed for memory circuits 
are listed in sub-clauses 3.1 and 3.2 below. 
All subscripts A should be in lower-case. 

3.1. Timing Requirements 

The letter symbols for the timing requirements of semi- 
conductor memories are as follows-: 



Term 



Subscript 



Cycle time 


c 


Time interval between two signal events 


d 


Fall time 


f 


Hold time 


h 


Precharging time 


PC 


Rise time 


r 


Recovery time 


rec 


Refresh time interval 


rf 


Setup time 


su 


Transition time 


t 


Pulse duration (width) 


w 



3.2. Characteristics 

The letter symbols for the dynamic characteristics of 
semiconductor memories are as follows : 



Characteristic 

Access time 
Disable time 
Enable time 
Propagation time 
Recovery time 
Transition time 
Valid time 



Subscript 

a 

dis 

en 

P 

rec 

T 

V 



Note: Recovery time for use as a characteristic is limited to sense recovery time. 

4. SUBSCRIPTS B AND D 

(For Signal Name or Terminal Name) 

The letter symbols for the signal name or the name of 

the terminal are as given below. 

Air subscripts B and D should be in upper-case. 



Signal or terminal 

Address 

Clock 

Column address 

Column address strobe 

Data input 

Data input/output 

Chip enable 



Subscript 

A 

C 

CA 

CAS 

D 

DQ 

E 



Erasure ER 

Output enable G 

Program PR 

Data output Q 

Read R 

Row address RA 

Row address strobe RAS 

Refresh RF 

Read/Write RW 

Chip select S 

Write (write enable) W 

Note 1: In the letter symbols for time intervals, bars over the subscripts, for ex- 
ample CAS, should not be used, 

2. it should be noted, when further letter symbols are chosen, that the sub- 
script should not end with H, K, V, X, or Z. (See clause 5) 

3: If the same terminal, or signal, can be used for two functions (for example 
Data input/output, Read/Write) the waveform should be labelled with the 
dual function, if appropriate, but the symbols for the dynamic parameters 
should include only that part of the subscript relevant to the parameter. 

5. SUBSCRIPTS C AND E 
(For Transition of Signal) 

The following symbols are used to represent the level or 
state of a signal : 

Transition of signal Subscript 

High logic level H 

Low logic level L 

Valid steady-state level (eFther low or high) V 

Unknown, changing, or 'don't care' level X 

High-impedance state of three-state output Z 

The direction of transition is expressed by two letters, 
the direction being from the state represented by the 
first letter to that represented by the second letter, with 
the letters being as given above. 

When no misunderstanding can occur, the first letter 
may be omitted to give an abbreviated symbol for sub- 
scripts C and E as indicated below. 
All subscripts C and E should be in upper-case. 

Subscript 

Examples Full Abbreviated 

Transition from high level to 

low level HL L 

Transition from low level to 

high level LH H 

Transition from unknown or 

changing state to valid state XV V 

Transition from valid state to 

unknown or changing state VX X 

Transition from high-impedance 

state to valid state ZV V 

Note: Since subscripts C and E may be abbreviated, and since subscripts B and D 
may contain an indeterminate number of letters, it is necessary to put .the 
restriction on the subscripts B and D that they should not end with H, L, 
V, X, or Z, so as to avoid possible confusion. 
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6. SUBSCRIPT F (For Additional Information) 

If necessary, subscript F is used to represent any addi- 
tional qualification of the parameter such as mode of 
operation, test conditions, etc. The letter symbols for 
subscript F are given below. 
Subscript F shiould be in upper-case. 



Modes of operation 


Subscript 


Power-down 


PD 


Page- mode read 


PGR 


Page- mode write 


PGW 


Read 


R 


Refresh 


RF 


Read-modify-write 


RMW 


Read-write 


RW 


Write 


W 
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FOR DIGITAL INTEGRATED CIRCUITS 



New symbol 


Former symbol 


Parameter— definition 


c, 




Input capacitance 


Co 




Output capacitance 


C,o 




Input/output terminal capacitance 


C|(^) 




Input capacitance of clock input 
Frequency 


f(^) 




Clock frequency 

Current— the current into an integrated circuit terminal is defined as a positive value and ttie current out of a terminal is defined as a negative value 


•bb 




Supply current from Vbb 


Ibb(av) 




Average supply current from Vbb 


Ice 




Supply current from Vcc 


ICC(AV) 




Avarage supply current from Vcc 


ICC(PD) 




Pov^rer-down supply current from Vcc 


'dd 




Supply current from Vqd 


Idd(av) 




Average supply current from Vqd 


Igg 




Supply current from Vqg 


Igg(av) 

1. 




Average supply current from Vqg 
Input current 


I|H 




High-level input current— the value of the input current when Vqh is applied to the input considered 


I.L 




Low-level input current— the value of the input current when Vql is applied to the input considered 


loH 




High-level output current— the value of the output current when Vqh is applied to the output considered 


loL 




Low-level output current— the value of the output current when Vql is applied to the output considered 


loz 




Off-state( high-impedance state)output current-the current into an output having a three-state capability with input condition so applied that 
it will establish according to the product specification, the off(high-impedance)state at the output 


Iqzh 




Off-state( high-impedance state)output current, with high-level voltage applied to the output 


loZL 




Off-state( high-impedance state)output current, with low-level voltage applied to the output 


los 




Short-circuit output current 


Iss 




Supply current from Vss 


Pd 




Power dissipation 


New 




Number of erase/write cycles 


Nra 




Number of read access unrefreshed 


Ri 




Input resistance 


Rl 




External load resistance 


Rqff 




Off-state output resistance 


Ron 




On-state output resistance 


ta 




Access time-the time interval between the application of a specified input pulse during a read cycle and the availability of valid data signal at an niitpiit 


ta(A) 


ta(AD) 


Address access time-the time interval between the application of an address input pulse and the availability of valid data signals at an output 


ta(cAs) 




Column address strobe access time 


ta(E) 


ta(cE) 


Chip enable access time 


ta(G) 


ta(oE) 


Output enable access time 


ta(PR) 




Data access time after program 


ta(RAS) 




Row address strobe access time 


ta(s) 


ta(cs) 


Chip select access time 


tc 




Cycle time 


tcR 


tc(RD) 


Read cycle time-the time interval between the start of a read cylce and the start of the next cycle 


tcRF 


tc(REF) 


Refresh cycle time-the time interval between successive signals that are intended to restore the level in a dynamic memory cell to its original level 


tcPG 


tc(PG) 


Page-mode cycle time 


tcRMW 


te(RMW) 


Read-modify-write cycle time-the time interval between the start of a cycle in which the memory is read and new data is entered, and the start of 
the next cycle 


tew 


tc(WR) 


Write cycle time-the time interval between the start of a write cycle and the start of the next cycle 
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New symbol 


Former symbol 


Parameter— definition , | 


td 




Delay time-the time between the specified reference points on two pulses 




td(0) 




Delay time between clock pulses-e.g., symbology, delay time, clocl< 1 to clock 2 or clock 2 to clock 1 




td(CAS-RAS) 




Delay time, column address strobe to row address strobe 




td(CAS-W) 


td{CAS WR) 


Delay time, column address strobe to write 




td(RAS-CAS) 




Delay time, row address strobe to column address strobe 




td(RAS-W) 


td(RAS-WR) 


Delay time, row address strobe to write 




tdis(R-o) 


tdiS(R-DA) 


Output disable time after read 




tdis(s) 


tpxz(cs) 


Output disable time after chip select . 




tdis(w) 


tpXZ(WR) 


Output disable time after write 




^DHL 




High-level to low-level delay time the time interval between specified reference points on the input and on the output pulses when the output 


s 


^DLH 




Low-level to high-level delay time J QoinQ to the low (high)!evel and when the device is driven with a specified loading networks 




ten(A-Q) 


tpzV(A-DQ) 


Output enable time after address 




ten(R-Q) 


tpzV(R-DQ) 


Output enable time after read 




ten(s-Q) 


tpzx(CS-DQ) 


Output enable time after chip select 




tf 




Fall time 




th 




Hold time-the interval of time during which a signal at a specified input terminal appears after an active transition occurs at another specified input terminal 




th(A) 


th(AD) 


Address hold time 




th(A-E) 


th(AD-CE) 


Chip enable hold time after address 




th(A-PR) 


th(AD-PRO) 


Program hold time after address 




th(CAS-CA) 




Column address hold time after column address strobe 




th(CAS-D) 


th{CAS-DA) 


Data-in hold time after column address strobe 




th(CAS-Q) 


th(CAS-OUT) 


Data-out hold time after column address strobe 




th(CAS-RAS) 




Row address strobe hold time after column address strobe 




th(CAS-W) 


th(CAS-WR) 


Write hold time after column address strobe 




th(D) 


th(DA) 


Data-in hold time 




th(D-PR) 


th(DA-PRO) 


Program hold time after data-in 




th(E) 


th(CE) 


Chip enable hold time 




th(E-D) 


th(CE-DA) 


Data-in hold time after chip enable 




th(E-G) 


th(CE-OE) 


Output enable hold time after chip enable 




th(R) 


th(RD) 


Read hold time 




th(RAS-CA) 




Column address hold time after row address strobe 




th(RAS-CAS) 




Column address strobe hold time after row address strobe 




th(RAS-D) 


th(RAS-DA) 


Data-in hold time after row address strobe 




th(RAS-W) 


th(RAS-WR) 


Write hold time after row address strobe 




th(s) 


th(cs) 


Chip select hold time ' 




th(w) 


th(WR) 


Write hold time 




th(W-CAS) 


th(WR-CAS) 


Column .address strobe hold time after write , 




th(W-D) 


th(WR-DA) 


Data-in hold time after write 




th(W-RAS) 


th(WR-RAS) 


Row address hold time after write 




tpHL 
tpLH 




High-level to low-level propagation time the time interval between specified reference points on the input and on the output pulses when the 

■ output is going to the low (high)level and when the device is driven and loaded by typical devices 
Low-level to high-level propagation time of stated type 




tr 




Rise time 




trec(w) 


twr 


Write recovery time— the time interval between the termination of a write pulse and the initiation of a new cycle 




trec(PD) 


tR(PD) 


Power-dowrl recovery time 




tsu 




Setup time— the time interval between the application of a signal which is maintained at a speciifed input terminal arid a consecutive active 
tarnsition at another specified input terminal 




tsu(A) 


tsU(AD) 


Address setup time 




tsU(A-E) 


tsU(AD-CE) 


Chip enable setup time before address 




tsU(A-W) 


tsu(AD-WR) 


Write setup time before address ■ 




tsU(CA-RAS) 




Row address strobe setup time before column address 
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New symbol 


Former symbol 


Parameter— definition 


tsu(D) 


tsu(DA) 


Data-in setup time 


tsu(D-E) 


tsu(DA-CE) 


Cliip enable setup time before data-in 


tsU(D-w) 


tsU(DA-WR) 


Write setup time before data-in 


tsU(E) 


tsU(CE) 


Chip enable setup time 


tsU(E-P) 


tsU(CE-P) 


Precharge setup time before chip enable 


tsU(G-E) 


tsU(OE-CE) 


Chip enable setup time before output enable 


tsU(P-E) 


tsU(P-CE) 


Chip enable setup time before precharge 


tsU(PD) 




Power-down setup time 


tsU(R) 


tsU(RD) 


Read setup time 


tsU(R-CAS) 


tsU(RA-CAS) 


Column address strobe setup time before read 


^U(RA-CAS) 




Cloumn address strobe setup time before row address 


tsu(s) 


tsu(cs) 


Chip select setup time 


tsu(s-w) 


'tsU(CS-WR) 


Write setup time before chip select 


tsu(w) 


tsU(WR) 


Write setup time 


tTHL 
tTLH 




High-level to low-level transition time 1 the time interval between specified reference points on the edge of the output pulse when the output is 

\ going to the low(high)level and when a specified input signal is applied through a specified network and 
Low-level to high-level transition time J the output is loaded by another specified network 


tv(A) 


tdV(AD) 


Data valid time after address 


W(E) 


tdV(CE) 


Data valid time after chip enable 


tvCE)PR 


tv(CE)PR 


Data valid time after chip enable in program mode 


tv(G) 


tv(OE) 


Data valid time after output enable 


tv(PR) 




Data valid time after program 


tv(s) 


tv(cs) 


Data valid time after chip select 


tw 




Pulse width (pulse duration )the time interval between specified reference points on the leading and training edges of the waveforms 


tw(E) 


tw(CE) 


Chip enable pulse width 


tw(EH) 


tw(CEH) 


Chip enable high pulse width 


tw(EL) 


tw(EU) 


Chip enable low pulse width 


tw(PR) 




Program pulse width 


tw(R) 


tw(RD) 


Read pulse width 


tw(s) 


tw(cs) 


Chip select pulse width 


tw(w) 


tw(WR) 


Write pulse width 


tw(«6) 




Clock pulse width 


Ta 




Ambient temperature 


Topr 




Operating temperature 


Tstg 




Storage temperature 


Vbb 




Vbb supply voltage 


Vcc 




Vcc supply voltage 


Vdd 




Vdd supply voltage 


Vgg 




Vgg supply voltage 


V, 




Input voltage 


V|H 




High-level input voltage-the value of the permitted high-state voltage at the input 


V,L 




Low-level input voltage-the value of the permitted low-state voltage at the input 


Vo 




Output voltage 


VoH 




High-level output voltage-the value of the guaranteed high-state voltage range at the output 


Vol 




Low-level output voltage-the value of the guaranteed low-state voltage range at the output 


Vss 




Vss supply voltage 
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1 INTRODUCTION 

IC & LSI have made rapid technical progress in electrical 
performances of high integration, high speed, and sophisti- 
cated functionality. And now they have got boundless wider 
applications in electronic systems and electrical ap- 
pliances. 

To meet the above trend of expanding utilization of IC & 
LSI, Mitsubishi considers that it is extremely important to 
supply stable quality and high reliable products to cus- 
tomers. 

Mitsubishi Electric places great emphasis on quality as a 
basic policy "Quality First", and has striven always to im- 
prove quality and reliability. 

Mitsubishi has already developed the Quality Assurance 
System covering design, manufacturing, inventory and de- 
livery for IC & LSI, and has supplied highly reliable pro- 
ducts to customers for many years. The following articles 
describe the Quality Assurance System and examples of 
reliability control for Mitsubishi Single-chip 16-bit Micro- 
computer. 

2. QUALITY ASSURANCE SYSTEM 

The Quality Assurance System places emphasis on built-in 
reliability in designing and built-in quality in manufacturing. 
The System from development to delivery is summarized in 
Figure 1. 

2.1 Quality Assurance in Designing 

The following steps are applied in the designing stage for a 
new product. 

(1) Setting of perfomance, quality and reliability target for 
new product. 

(2) Discussion of performance and quality for circuit de- 
sign, device structure, process, material and package. 

(3) Verification of design by CAD system to meet standar- 
dized design rule'. 

(4) Functional evaluation for bread-board device to confirm 
electrical performance. 

(5) Reliability evaluation for TEG (Test Element Group) 
chip to detect basic failure mode and Investigate fai- 
lure mechanism. 

(6) Reliability test (In-house qualification) for new product 
to confirm quality and reliability target. 

(7) Decision of pre-production from the standpoint of per- 
formance, reliability, production flow/conditions, pro- 
duction capability, delivery etc. 

2.2 Quality Assurance in Manufacturing 

Quality assurance In manufacturing is performed as follows. 

(1) Environment control such as temperature, humidity and 
dust as well as deionized water and utility gases. 

(2) Maintenance and calibration control for automatized 
manufacturing equipments, automatic testing equip- 
ments, and measuring instruments. 



(3) Material control such as silicon wafer, lead frame, 
packaging material, mask and chemicals. 

(4) In-process inspections in wafer-fabrication, assembly 
and testing. 

(5) 100% final inspection of electrical characteristics, 
visual inspection and burn-in, if necessary. 

(6) Quality assurance test 

-Electrical characteristics and visual inspection, lot by 

lot sampling 

-Environment and endurance test, periodical sampling. 

(7) Inventory and shipping control, such as storage en- 
vironment, date code identification, handling and ESD 
(Electro Static Discharge) preventive procedure. 

2.3 Reliability Test 

To verify the reliability of a product as described in the Mit- 
subishi Quality Assurance System, reliability tests are per- 
formed at three different stages in new product develop- 
ment, pre-production and mass-production. 
At the development of a new product the reliability test 
plan is fixed corresponding to the quality and reliability 
target of each product, respectively. The test plan includes 
in-house qualification test and TEG evaluation, if necessary. 
TEG chips are designed and prepared for new device 
structure, new process and new material. 
After the proto-type product has passed the in-house qual- 
ification test, the product advances to the pre-production. In 
the pre-production stage, the specific reliability tests are 
programmed and performed again to verify the quality of 
pre-production product. 

In the mass production, the reliability tests are performed 
periodically to confirm the quality of the mass production 
product according to the quality assurance test program. 
Table 1 shows an example of reliability test program for 
plastic encapsulated IC & LSI. 



Table 1 



TYPICAL RELIABILITY TEST PROGRAM 
FOR PLASTIC ENCAPSULATED IC & LSI 



Group 


Test 


Test condition 


1 


Solderability 


230°C,5sec. Rosin flux 


2 


Soldering heat 


260°C,10sec. 


Thermal shock 


-55r,125°C,15cycles 


Ternperature cycling 


-esr, 150°C, lOOcycles 


3 


Lead fatigue 


250gr, 90', 2arcs 


4 


Shock 


1500G. 0.5msec. 


Vibration 


20G, 100~2000Hz 
X, Y, Z direction 

4min./cycle, 4cycles/direction 


Constant acceleration 


20000G, Y direction, Imln. 


5 


Operation life 


Ta=125°C, Vccmax 
1 OOOhours 


6 


High temperature 
storage life 


Ta=150°C, 1 OOOhours 


7 


High temperature and 
high humidity 


85°C, 85%, 1 0OOhours 


Pressure cooker 


12rc. 100%, lOOhours 
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STAGE 



SALES 



DESIGN/ 

PRODUCTION 

ENGINEERING 



MANUFACTURING 



QUALITY 
ASSURANCE 



PRODUCTION 
CONTROL 



MARKET SURVEY 



^ 



J 



STRATEGIC PRODUCT PLAN ^ 



z 
o 



C 



C 



5 



E5i(5N/C)gv|L6PMENt/ 

""SIGN REVIEW 



DES 



tTOTTROTUCTRJNT 

CHARACTERIZATION 



/ MATERIAL >) 

L QUALIFICATION J 



1 



QUALIFICATION (1) 



DECISION OF PRE-PRODUCTION 



(PREPARATION N 
OF SPECS./ ) 
INSTRUCTION V 



O 

. Q 
ujO 

QCQC 
Q-Q. 



Q PRE-PRODUCTION J- 



QUALIFICATION (2) 

' 1 ' 



DECISION OF MASS PRODUCTION 



' f^RODuCTION \ 



z 
o 



Q 

o 



rpROTuCTR5?r>i 
^ PLAN J 



o 



Q.< 



(WAFFR FAB.^ 



(assembly^ 

/final 
unspection 



^ 



1 



C 



MATERIAL 
INCOMING 
TEST 



) 



(QUALITY 
ASSURANCE TEST 



O 
O 



i 



QUALITY DATA/FAILURE ANALYSIS/QUALITY 
IMPROVEMENT 



r 






(^INVENTORY ) 



ORDER 

I 



SHIPPING 



J 
> 



RETURNED PRODUCT 



v-y 



(INVENTORY^ 
CONTROL J 



FA LURE ANALYSIS/CORRECTIVE ACTION 



FAILURE ANALYSIS REPORT GENERATION 



O 
O 



-6 



3 

o 



» FLOW OF PRODUCT ^ FLOW OF INFORMATION 

Flg.1 FLOW CHART OF QUALITY ASSURANCE SYSTEM 
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2.4 Returned Product Control 

When failure analysis is requested by a customer, the 
failed devices are returned to Mitsubishi Electric via the 
sales office of Mitsubishi using the form of "Analysis Re- 
quest of Returned Product" 

Mitsubishi provides various failure analysis equipments to 
analyze the returned product. A failure analysis report is 



generated to the customer upon completion of the analysis. 
The failure analysis result enforces taking corrective action 
for the design, fabrication, assembly or testing of the pro- 
duct to improve reliability and realize lower failure rate. 
Figure 2 shows the procedure of returned product control 
from customer. 



RETURNED PRODUCT 



ISSUE ANALYSIS REQUEST 
FOR RETURNED PRODUCT 



FAILURE ANALYSIS 
I 



VISUAL INSPECTION 



ELECTRICAL 
CHARACTERISTICS TEST 



C 



CLASSIFICATION OF 
FAILURE MODES 



ACCEPTANCE 



SIMULATION TEST 



ELECTRICAL 
CHARACTERISTICS TEST 



|_ACCEPTANCE 



3 



INTERNAL VISUAL 
INSPECTION 



CHIP ANALYSIS 



REJECTION 



^ 



CONFIRMATION OF 
FAILURE CAUSE 



INVESTIGATION OF CAUSE 



REPORT 
GENERATION 



REPORT TO 
CUSTOMER 



?t=<: 



SURVEY OF 
PROCESS RECORD 



3 



PRELIMINARY 
CORRECTIVE ACTION 




NO GO 



FIXED CORRECTIVE ACTION 
PREVENTIVE MEASURES 



Flg.2 PROCEDURE OF RETURNED PRODUCT CONTROL 
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3 RELIABILITY TEST RESULTS 

The reliability test results for Mitsubislii Single-chip 16-bit 

Microcomputers are shown in Table 2. 

Table 2 shows the result of endurance tests of high temper- 



ature operation life and high temperature storage life test 
and the results of the environment tests of thermal stress, 
high temperature/high humidity and pressure cooker test 
for the single-chip 16-bit Microcomputer. 



Table 2 ENDURANCE and ENVIRONMENTAL TEST RESULTS 



Test 


■ Series 


Type Number 


Test Condition 


Number of 
Samples 


Device Hours 
(Hours) 


Number of 
Failures 


High Temperature 
Operation Life 


MELPS 7700 


M37702M2BXXXFP 

M37702M4BXXXFP 

M37703M4BXXXSP 

M37720S1AFP 

M37730S2BFP 

M37730S2BSP 

M37732S4BFP 

M37702E2AXXXFP 

M37703E4AXXXSP 


125°C 7V 


198 


200000 





High Temperature 
Storage Life 


MELPS 7700 


ditto 


150r 


198 


200000 





Low Temperature 
Storage Life 


MELPS 7700 


M37702M2BXXXFP 
M37702E4AXXXFP 


-55°C 


44 


88000 





High Temperature 
High Humidity Life 


MELPS 7700 


M37702M2BXXXFP 

M37702M4BXXXFP 

M37703M4BXXXSP 

M37720S1AFP 

M37730S2BFP 

M37730S2BSP 

M37732S4BFP 

M37702E2AXXXFP 

M37703E4AXXXSP 


85r85%RH 
5.5V 


198 


200000 






Test 


Series 


Type Number 


Test Condition 


Number of 
Samples 


Number of Failures 


96Hours 


240Hours 


Pressure Cooker 


MELPS 7700 


ditto 


12rci00%RH 


198 









Test 


, 1 

Series 


Type Number 


Test Condition 


Number of 
Samples 


Number of Failures | 


lOCycles 


lOOCycles 


Temperature 
Cycling 


MELPS 7700 


ditto 


-65r SOmin 
150°C SOmin 


198 
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4 FAILURE ANALYSIS 

Accelerated reliability tests are applied to observe failures 
casued by temperature, voltage, humidity, current, mecha- 
nical stress and those combined stresses on chips and 
packages. 

Examples of typical failure modes are shown below. 
(1) Wire Bonding Failure by Thermal Stress 

Figure 3, Figure 4 and Figure 5 are examples of a fai- 
lure occured by high temperature storage test of 225°C, 
lOOOhours. 

Au-AI intermetallic formation, so-called "Purple 
plague" by thermal overstress makes Au wire lift off 
from aluminum metallization. The activation energy of 
this failure mode is estimated at approximately 1.0eV 
and no failure has been observed so far in practical 
uses. 




Flg.3 

Micrograph of lifted Au ball trace 

on Al bonding pad 



'^^\ 



Fig.4 

Au-AI plague formation 

on bonding pad 





'4i 


,<:^ -.f 


^^ 




Flg.5 

Lifted Au wire ball base 



(2) Aluminum Corrosion Failure by Temperature/Humidrty 
Stress. 

Figure 6, Figure 7 and Figure 8 are examples of cor- 
roded failure of aluminum metallization of plastic en- 
capsulated IC after accelerated temperature/humidity 
storage test (pressure cooker test) of 121°C, 100%RH, 
lOOOhours duration. 

Aluminum bonding pad is dissolved by penetrated wa- 
ter from plastic package, and chlorine concentration is 
observed on corroded aluminum bonding pad as shown 
in Figure 8. 



^^^ ■' ^„ }, . SO/uih^^^ 



>, ■/:. 




Flg.6 

Micrograph of corroded 

Aluminum metaliization 




Fig. 7 Enlarged micrograph of corroded 
Aluminum bonding pad 




Fig.8 CI distribution on corroded Aluminum 
bonding pad 
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(3) Destructive Failure by Electrical Overstress 

Surge voltage marginal tests have been performed to 
reproduce the electrical overstress failure in field uses. 
Figure 9 and Figure 10 are examples of failure 
observed by surge voltage test. The trace of destruc- 
tion is verified as the aluminum bridge by X-ray micro 
analysis. 




Fig. 9 Micrograph of surge 
voltage destruction 




5 SUMMARY 

The Mitsubishi quality assurance system and examples of 
reliability control have been discussed. The customer's in- 
terests and requirements for high reliability IC & LSI are in- 
creasing significantly. To satisfy customer's expectancy. 
Mitsubishi as an IC vendor, would like to make perpetual 
efforts in the following areas. 

(1) Emphasis on built-in reliability at design stage and re- 
liability evaluation to investigate latent failure modes 
and acceleration factors. 

(2) Execution of periodical endurance, environment and 
mechanical test to verify reliability target and realize 
higher reliability. 

(3) Focus on development of advanced failure analysis 
techniques. Detail failure analysis, intensive corrective 
action and quick response to customer's analysis re- 
quest. 

(4) Collection of customer's quality data in qualification, in- 
coming inspection, production and field use to improve 
PPM, fraction defective and FIT, failure rate. 

Mitsubishi would highly appreciate if the customer would 
provide quality and reliability data of incoming inspection or 
field failure rate essential to verify and improve the quality/ 
reliability of IC & LSI. 



Fig. 10 Aluminum trace of 
destructive spot 



(4) Aluminum Electromigration 

Figure 11 shows an open circuit of aluminum metalliza- 
tion in high current density region caused by acceler- 
ated operation life test. This failure is due to aluminum 
electromigration. Voids and hillock have been formed 
in aluminum metallization by high current density op- 
eration. 




Fig.11 



Voids and hillocks formation 
by Aluminum electromigration 
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A MOS transistor has a very thin oxide insulator under the 
gate electrode on the silicon substrate. It is operated by 
altering the conductance (9^) between source and drain to 
control mobile charges in the channel formed by the 
applied gate voltage. 

If a high voltage were applied to a gate terminal, the 
insulator-film under the gate electrode could be destroyed, 
and all Mitsubishi MOS IC/LSIs contain internal protection 
circuits at each input terminal to prevent this. It is inherent- 
ly necessary to apply reverse bias to the P-N junctions of a 
MOSIC/LSI. 

Under certain conditions, however, it may be impossible 
to completely avoid destruction of the thin insulator-film due 
to the application of unexpectedly high voltage or thermal 
destruction due to excessive current from a forward biased 
P-N junction. Therefore the following recommendations 
should be followed in handling MOS devices. 

1. KEEPING VOLTAGE AND CURRENT TO 
EACH TERMINAL BELOW MAXIMUM 
RATINGS 

1. The recommended ranges of operating conditions 
provide adequate safety margins. Operating within these 
limits will assure maximum equipment performance and 
quality. 

2. Forward bias should not be applied to any terminal since 
excessive current may cause thermal destruction. 

3. Output terminals should not be connected directly to 
the power supply. Short-circuiting of a terminal to a 
power supply having low impedance may cause burn-out 
of the internal leads or thermal destruction due to 
excessive current. 

2. KEEPING ALL TERMINALS AT THE 
SAME POTENTIAL DURING TRANSPORT 
AND STORAGE 

When MOS IC/LSIs are not in use, both input and output 
terminals can be in a very high impedance state so that they 
are easily subjected to electrostatic induction from AC 
fields of the surrounding space or from charged objects 
in their vicinity. For this reason, MOS IC/LSIs should be 
protected from electrostatic charges while being transported 
and stored by conductive rubber foam, aluminum foil, 
shielded boxes or other protective precautions. 

3. KEEPING ELECTRICAL EQUIPMENT, 
WORK TABLES AND OPERATING 

PERSONNEL AT THE SAME POTENTIAL 

1. All electric equipment, work table surfaces and operat- 



ing personnel should be grounded. Work tables should 
be covered with copper or aluminum plates of good 
conductivity, and grounded. One method of grounding 
personnel, after making sure that there is no potential 
difference with electrical equipment, is by the use of a 
wristwatch metallic ring, etc. attached around the wrist 
and grounded in series with a 1M H resistor. Be sure that 
the grounding meets national regulations on personnel 
safety. 
2. Current leakage from electric equipment must be 
prevented not only for personnel safety, but also to 
avert the destruction of MOS IC/LSIs, as described 
above. Items such as testers, curve-tracers and synchro- 
scopes must be checked for current leakage before being 
grounded. 

4. PRECAUTIONS FOR MOUNTING OF 
MOS IC/LSIs 

1. The printed wiring lines between input and output ter- 
minals of MOS IG/LSIs should not be close to or parallel 
to high-voltage or high-power signal lines. Turning pow- 
er on while the device is short-circuited, either by a sol- 
der bridge made during assembly or by a probe during 
adjusting and testing, may cause maximum ratings to be 
exceeded, which can result in the destruction of the 
device. 

2. When input/output, or input and/or output, terminals 
of MOS IC/LSIs (now open-circuits) are connected, 
we must consider the possibility of current leakage and 
take precautions similar to §2 above. To reduce such 
undesirable trouble, it is recommended that an interface 
circuit be inserted at the input or output terminal, or a 
resistor with a resistance that does not exceed the 
output driving capability of the MOS IC/LSI be inserted 
between the power supply and the ground. 

3. A filter circuit should be inserted in the AC power 
supply line to absorb surges which can frequently be 
strong enough to destroy a MOS IC/LSI. 

4. Terminal connections should be made as described in the 
catalog while being careful to meet specifications. 

5. Ungrounded metal plates should not be placed near 
input or output terminals of any MOS IC/LSIs, since 
destruction of the insulation may result if they become 
electrostatically charged. 

6. Equipment cases should provide shielding from electro- 
static charges for more reliable operation. When a plastic 
case is used, it is desirable to coat the inside of the case 
with conductive paint and to ground it. This is considered 
necessary even for battery-operated equipment. 
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DESCRIPTION 

The M37702M2-XXXFP is a single-chip microcomputers 
designed with high-performance CMOS silicon gate tech- 
nology. This is housed in a 80-pin plastic molded QFP. This 
single-chip microcomputer has a large 16M bytes address 
space, three instruction queue buffers, and two data buffers 
for high-speed instruction execution. The CPU is a 16-bit 
parallel processor that can also be switched to perform 8- 
bit parallel processing. This microcomputer is suitable for 
office, business, and industrial equipment controller that re- 
quire high-speed processing of large data. 
The differences between M37702M2-XXXFP, M37702M2A 
XXXFP, M37702M2BXXXFP, M37702S1 FP, M37702S1AFP 
and M37702S1BFP are the ROM size and the external 
clock input frequency as shown below. Therefore, the fol- 
lowing descriptions will be for the M37702M2-XXXFP un- 
less otherwise noted. 



Type name 


ROM size 


External clock input frequency 


M37702M2-XXXFP 


16K bytes 


8 MHz 


M37702M2AXXXFP 


16K bytes 


16MHz 


M37702M2BXXXFP 


16K bytes 


25MHz 


M37702S1 FP 


External 


8 MHz 


M37702S1AFP 


External 


16MHz 


M37702S1BFP 


External 


25MHz 



FEATURES 

• Number of basic instructions 103 

• Memory size ROM • 16K bytes 

RAM • •• ••• 512 bytes 

• Instruction execution time 
M37702M2-XXXFP, M37702S1FP 

(The fastest instruction at 8MHz frequency) 500ns 

M37702M2AXXXFP, M37702S1AFP 

(The fastest instruction at 16MHz frequency) 250ns 

M37702M2BXXXFP, M37702S1BFP 

(The fastest instruction at 25MHz frequency)- 160ns 

• Single power supply 5V±10% 

• Low power dissipation (at 8MHz frequency) 

30mW(Typ.) 

• Interrupts 19 types 7 levels 

• Multiple function 16-bit timer 5+3 

• DART (may also be synchronous) 2 

• 8-bit A-D converter 8-channel inputs 

• 12-bit watchdog timer 

• Programmable input/output 

(ports PO, PI, P2, P3, P4, P5, P6, P7, P8) 68 



PIN CONFIGURATION (TOP VIEW) 



CO ^ I 

H -I 
O O C 



P7o/ANo 
P67/TB21N 
P66/TBI1N 
PBs/TBOiN 

P64/INT2 

P63/INT1 

P62/INT0 
P6i/TA4,N 
P6o/TA4ouT 
P57/TA3|N 
P56/TA3ouT 

P55/TA2,M 
P54/TA2ouT 

P53/TAr,N 
P52/TAI0UT 

P5i/TA0|N 
PSq/TAOqut 
P47/DBC* 
P46/VPA* 
P45/VDA* 
P44/QCL* 

P43/MX* 

P42/01 

P4i/RDY 
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P84/CTS1/RTS1 
P85/CLK1 

PSe/RxDi 

PSr/TxDi 

POo/Ao 

PO1/A1 

PO2/A2 

PO3/A3 

PO4/A4 

PO5/A5 

POe/Ae 

PO7/A7 

Plo/Ag/Ds 

PI1/A9/D9 

PI2/A10/D10 

PI3/A11/D11 

PI4/A12/D12 

PI5/A13/D13 

PI6/A14/D14 

PI7/A15/D15 

P2o/Ai6/Do 

P2i/Ai7/Di 

P22/A18/D2 

P23/A19/D3 



Q. 



^ o< < < < 

CO CO \ ^ ^ ^ 

n n h- o 10 ^ 
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Outline 80P6N 

*: Used in the evaluation chip nriode only 



APPLICATION 

Control devices for office equipnnent such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
connputers 

Control devices for industrial equipment such as ME, NC, 
communication and measuring instruments. 
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FUNCTIONS OF M37702M2-XXXFP 


Parameter 


Functions 


Number of basic instructions 


103 


Instruction execution time 


M37702M2-XXXFP, M37702S1FP 


500ns (the fastest instructions, at 8MHz frequency) 


M37702M2AXXXFP, M37702S1AFP 


250ns (the fastest instructions, at 16MHz frequency) 


M37702M2BXXXFP, M37702S1BFP 


160ns (the fastest instructions, at 25MHz frequency) 


Memory size 


ROM 


16K bytes 


RAM 


512 bytes 


Input/Output ports 


P0~P2, P4~P8 


8-bitX8 


P3 


4 -bitX 1 


Multi-function timers 


TAO, TA1,TA2. TA3, TA4 


16-bitX 5 


TBO, TB1,TB2 


16-bitX 3 


Serial I/O 


(UART or clock synchronous serial l/0)X2 


A-D converter 


8-bitX 1 (8 channels) 


Watchdog timer 


12-bitX1 


Interrupts 


3 external types, 16 internal types 

(Each interrupt can be set the priority levels to ~ 7 .) 


Clock generating circuit 


Built-in( externally connected to a ceramic resonator or quartZ' crystal resonator) 


Supply voltage 


5V±10% 


Power dissipation 


30mW(at external 8 MHz frequency) 


Input/Output characteristic 


Input/Output voltage 


5V 


Output current 


5 mA 


Memory expansion 


Maximum 16M bytes 


Operating temperature range 


-20~85°C 


Device structure 


CMOS high-performance silicon gate process 


Pacl<age 


80-pin plastic molded QFP 



MnSUBISHI 
L ELECTRIC 



2-5 



MITSUBISHI MICROCOMPUTERS 

M37702M2-XXXFP.M37702M2AXXXFP 

IVI37702M2BXXXFP,IVI37702S1FP 

M37702S1AFP,IVI37702S1BFP 

SINeLE-CHIP 16-BIT CMOS MICROCOMPUTER 



PIN DESCRIPTION 



Pin 


Name 


Input/Output 


Functions 


Vcc. 
Vss 


Power supply 




Supply 5 V± 10% to Vcc and V to Vss. 


CNVss 


CNVss input 


Input 


This pin controls the processpr mode. Connect to Vss for single-chip mode, and to Vcc for external ROM 
types. 




Reset input 


Input 


To enter the reset state, this pin must be kept at a "L" condition should be maintained for the required 
time. 


RESET 


X,N 


Clock input 


Input 


These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween XiN and Xqut- When an external clock is used, the clock source should be connected to the Xin pin 
and the XouT pin should be left open. 


XoUT 


Clock output 


Output 


E 


Enable output 


Output 


Data or instruction read and data write are performed when output from this pin is "L". 


BYTE 


Bus widtli selection input 


Input 


In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when "L" signal inputs and 8 bits when "H" signal inputs. 


AVcc 
AVss 


Analog supply input 




Power supply for the A-D converter. Connect AVcc to Vcc and AVss to Vss externally. 


Vref 


Reference voltage input 


Input 


This is reference voltage input pin for the A-D converter. 


POo-POr 


I/O port PO 


I/O 


In single-chip mode, port PO becomes an 8-bit I/O port. An I/O directional register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
Address(A7~Ao)is output in memory expansion mode or microprocessor mode. 


P1o~Pl7 


I/O port P1 


I/O 


In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to "L" in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(Di5~D8)is input or output when E output is "L" and an address (Ai5~A8) is output when E output is "H". 
If the BYTE pin is "H" that is an external data bus is 8-bit width, only address(Ai5~A8)is output. 


P2o~P27 


I/O port P2 


I/O 


In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7'~Do) is input or output when E output is "L" and an address(A23'^Ai6)is 
output when E output is "H". 


P3o~P33 


I/O port P3 


I/O 


In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, ALE, and HLDA signals are output. 


P4o~P47 


I/O port P4 


I/O 


In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P4o and P4i become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode, port P42 can be programed 
for 95i output pin divided the clock to Xin pin by 2. In microprocessor mode, P42 always has the function as 
561 output pin. 


P5o~P57 


I/O port P5 


I/O 


In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer AO, timer A1, timer A2 and timer A3. ' 


P6o~P67 


I/O port P6 


I/O 


In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer A4, external interrupt input INTq, INT1 and INT2 pins, and input pins for timer BO, timer B1 and 
timer B2. 


P7o~P77 


I/O port P7 


I/O 


In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANo~AN7 input pins. P77 also has an A-D conversion trigger input function. 


P8o~P87 


I/O port P8 


I/O 


In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 
TxD, CLK, CTS/RTS pins for UART and UART 1. 



2-6 



MITSUBISHI 
lELECTRIC 



MITSUBISHI MICROCOMPUTERS 

IVI37702M2-XXXFP, IVI37702M2AXXXFP 

IVI37702M2BXXXFP,IVI37702S1FP 

M37702S1AFP,IVI37702S1BFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 



BASIC FUNCTION BLOCKS 

The M37702M2-XXXFP contains the following devices on a 
single chip: ROM and RAM for storing instructions and 
data, CPU for processing, bus interface unit (which controls 
instruction prefetch and data read/write between CPU and 
memory), timers, UART, A-D converter, and other peripher- 
al devices such as I/O ports. Each of these devices are de- 
scribed below. 

MEMORY 

The memory map is shown in Figure 1 . The address space 
is 16M bytes from addresses 0i6 to FFFFFFie. The address 
space is divided into 64K bytes units called banks. The 
banks are numbered from Oie to FFie- 
Built-in ROM, RAM and control registers for built-in 
peripheral devices are assigned to bank 0. 



The 16K bytes area from addresses COOO16 to FFFF^e is the 
built-in ROM. Addresses FFD616 to FFFF16 are the RESET 
and interrupt vector addresses and contain the interrupt 
vectors. Refer to the section on interrupts for details. 
The 512 bytes area from addresses 8O16 to 27Fi6 contains 
the built-in RAM. In addition to storing data, the RAM is 
used as stack during a subroutine call, or interrupts. 
Assigned to addresses Oie to 7Fi6 are peripheral devices 
such as I/O ports, A-D converter, UART, timer, and inter- 
rupt control registers. 

A 256 bytes direct page area can be allocated anywhere in 
bank using the direct page register DPR. In direct page 
addressing mode, the memory in the direct page area can 
be accessed with two words thus reducing program steps. 



















Bank Oi6< 


' OOOOOO16 
, OOFFFFie 




000000,6 
00007F,6 
000080,6 

\ 00027F,6 

\ 
\ 
\ 

\ 
\ 
\ 
\ 
\ 
\ 
= \ ^ 
\ 
\ 
\ 
\ 

0OCOO0,6 

\ 

\ 

\ 

\ 
\ 
\ 
\ 

00FFD6,6 
\ 
\ 
00FFFF,6 ^ 




OOOOOO16 

^\ 
\ 
\ 

\ 
00007F;6 

OOFFD616 

/ 
/ 
/ 
/ 
/ 
/ 
■ / 

/ 
/ 
/ 
/ 
/ 

/ 

/ 

OOFFFE16 


Peripheral devices 
control registers 

/ see Fig. 2 for \ 
\ further ^information/ 




Internal RAM 
512 bytes 


/■ f\-\r\r\(\r\.. 




Bank 1 16 < 


01FFFF,fi 






: ^ 






^ 


^ ^ 


Interrupt vector table 




A-D conversion 




UART1 transmission 


UART1 receive 


UARTO transmission 


UARTO receive 


Timer B2 


/ FFnnnn,. 


Timer B1 


Timer BO 




Internal ROM 
16K bytes 


Timer A4 


Bank FE16 < 


cccccc. 


Timer A3 


Timer A2 


Timer A1 


Timer AO 


INT2 


V ■ ■ '^ 


INT1 




Bank FFie ' 




INTo 


Watchdog timer 


DBC 


BRK instruction 


Zero divide 


\ FFFFFFie 


RESET 





















Fig. 1 Memory map 
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Address (Hexadt 
000000 
000001 
000002 
000003 
000004 
000005 
000006 
000007 
N 000008 
000009 
OOOOOA 
OOOOOB 
OOOOOC 
OOOOOD 
OOOOOE 
OOOOOF 
000010 
000011 
000012 
000013 
000014 
000015 
000016 
000017 

00001 a 

000019 
00001 A 
00001 B 
00001 c 
00001D 
00001 E 
00001 F 
000020 
000021 
000022 
000023 
000024 
000025 
000026 
000027 
000028 
000029 
00002A 
00002B 
00002C 
00002D 
00002E 
00002F 
000030 
000031 
000032 
000033 
000034 
000035 
000036 
000037 
000038 
000039 
00003A 
00003B 
00003C 
00003D 
00003E 
00003F 


jcimal notation) 


Address (Hexade 
000040 
000041 
000042 
000043 
000044 
000045 
000046 
000047 
000048 
000049 
00004A 
00004B 
00004C 
00004D 
00004E 
00004F 
000050 
000051 
000052 
000053 
000054 
000055 
000056 
000057 
000058 
000059 
00005A 
00005B 
00005C 
00005D 
00005E 
00005F 
000060 
000061 
000062 
000063 
000064 
000065 
000066 
000067 
000068 
000069 
00006A 
00006B 
00006C 
00006D 
00006E 
00006F 
000070 
000071 
000072 
000073 
000074 
000075 
000076 
000077 
000078 
000079 
00007A 
00007B 
00007C 
00007D 
00007E 
Q0007F 


3Cimal notation) 






Count start flag 








Port PO 


One shot start flag 


Port PI 




Port PO data direction register 


Up-down flag 


Port PI data direction register 




PortP2 


Timer AO 


Port P3 


Port P2 data direction register 


Timer A1 


Port P3 data direction register 


PortP4 


Timer A2 


Port P5 


Port P4 data direction register 


Timer A3 


Port P5 data direction register 


PortP6 


Timer A4 


Port P7 


Port P6 data direction register 


Timer BO 


Port P7 data direction register 


PortP8 


Timer B1 




Port P8 data direction register 


Timer B2 






Timer AO mode register 




Timer A1 mode register 




Timer A2 mode register 




Timer A3 mode register 




Timer A4 mode register 




Timer BO mode register 




Timer B1 mode register 




Timer B2 mode register 


A-D control register 


Processor mode register 


A-D sweep pin selection register 




A-D register 


Watchdog timer 




Watchdog timer frequency selection flag 


A-D register 1 








A-D register 2 








A-D register 3 








A-D register 4 








A-D register 5 








A-D register 6 








A-D register 7 








UART transmit/receive mode register 


A-D conversion interrupt control register 


DART bit rate generator 


UARTO transmission interrupt control register 


UART transmission buffer register 


UARTO receive interrupt control register 


UART1 transmission interrupt control register 


UART transmit/receive control register 


UART1 receive interrupt control register 


UART transmit/receive control register 1 


Timer AO interrupt control register 


UART receive buffer register 


Timer A1 interrupt control register 


Timer A2 interrupt control register 


UART 1 transmit/receive mode register 


Timer A3 interrupt control register 


UART 1 bit rate generator 


Timer A4 interrupt control register 


UART 1 transmission buffer register 


Timer BO interrupt control register 


Timer B1 interrupt control register 


UART 1 transmit/receive control register 


Timer B2 interrupt control register 


UART 1 transmit/receive control register 1 


iNTo interrupt control register 


UART 1 receive buffer register 


lNTi interrupt control register 


INT2 interrupt control regiter 









Fig. 2 Location of peripheral devices and interrupt control registers 
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CENTRAL PROCESSING UNIT (CPU) 

The CPU has ten registers and is shown in Figure 3. Each 
of these registers is described below. 

ACCUMULATOR A (A) 

Accumulator A is the main register of the microcomputer. It 
consists of 16 bits and the lower 8 bits can be used separ- 
ately. The data length flag m determines whether the regis- 
ter is used as 16-bit register or as 8-bit register. It is used 
as a 16-blt register when flag m is "0" and as an 8-bit reg- 
ister when flag m is "1". Flag m is a part of the processor 
status register (PS) which is described later. 
Data operations such as calculations, data transfer, input/ 
output, etc., is executed mainly through the accumulator. 

ACCUMULATOR B (B) 

Accumulator B has the same functions as accumulator A, 
but the use of accumulator B requires more instruction 
bytes and execution cycles than accumulator A. 

INDEX REGISTER X (X) 

Index register X consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x is 
"0" and as an 8-bit register when flag x is "1". Flag x is a 
part of the processor status register (PS) which is de- 
scribed later. 



In index addressing mode, register X is used as the index 
register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the contents of index register X indicates the low- 
order 16 bits of the source data address. The third byte of 
the MVP and MVN is the high-order 8 bits of the source 
data address. 

INDEX REGISTER Y (Y) 

index register Y consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x "0" 
and as an 8-bit register when flag x is "1". Flag x is a part 
of the processor status register (PS) which is described 
later. 

In index addressing mode, register Y is used as the index 
register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the content of index register Y indicates the low- 
order 16 bits of the destination address. The second byte of 
the MVP and MVN is the high-order 8 bits of the destina- 
tion data address. 



7 

I PG I Program bank register PG 

7 

[ DT I Data bank register DT 



.1^ 



Ah 



Al 



Bh 



Bl 



Xh 



Yh 



Yl 



DPR 



I I I I I |iPL2|iPLi|iPLo| N|v|m|x|D|l|z|c 



Accumulator A 
Accumulator B 
Index register X 
Index register Y 
Stack pointer S 
Program counter PC 
Direct page register DPR 

Processor status register PS 

- Carry flag 

- Zero flag 

- Interrupt disable flag 

- Decimal mode flag 

- Index register length flag 

- Data length flag 

- Overflow flag 

- Negative flag 

" Processor interrupt priority level IPL 



Fig. 3 Register structure 
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STACK POINTER (S) 

stack pointer (S) is an 16-bit register. It is used during a 
subroutine call or interrupts. It is also used during stack, 
stack pointer relative, or stack pointer relative indirect in- 
dexed Y addressing mode. 

PROGRAM COUNTER (PC) 

Program counter (PC) is a 16-bit counter tiiat indicates the 
low-order 16 bits of the next program memory address to 
be executed. These is a bus interface unit between the 
program memory and the CPU, so that the program mem- 
ory is accessed through bus interface unit. This is de- 
scribed later. 

PROGRAM BANK REGISTER (PG) 

Program bank register is an 8-bit register that indicates the 
high-order 8 bits of the next program memory address to 
be executed. When a carry occurs by incrementing the 
contents of the program counter, the cotents of the program 
bank register (PG) is incremented by 1. Also, when a carry 
or borrow occurs after adding or subtracting the offset 
value to or from the contents of the program counter (PC) 
using branch instruction, the contents of the program bank 
register (PG) is incremented or decremented by 1 so that 
programs can be written without worrying about bank 
boundaries. 

DATA BANK REGISTER (DT) 

Data bank register (DT) is an 8-bit register. With some 
addressing modes, a part of the data bank register (DT) is 
used to specify a memory address. The contents of data 
bank register (DT) is used as the high-order 8 bits of a 24- 
bit address. Addressing modes that use the data bank reg- 
ister (DT) are direct indirect, direct indexed X indirect, 
direct indirect indexed Y, absolute, absolute bit, absolute 
indexed X, absolute indexed Y, absolute bit relative, and 
stack pointer relative indirect indexed Y. 

DIRECT PAGE REGISTER (DPR) 

Direct page register (DPR) is a 16-bit register. Its contents 
is used as the base address of a 256-byte direct page 
area. The direct page area is allocated in bank 0, but when 
the contents of DPR is FFOlie or greater, the direct page 
area spans across bank and bank 1. All direct addressing 
modes use the contents of the direct page register (DPR) 
to generate the data address. If the low-order 8 bits of the 
direct page register (DPR) is "OOie", the number of cycles 
required to generate an address is minimized. Normally the 
low-order 8 bits of the direct page register (DPR) is set to 

"00i6". 



PROCESSOR STATUS REGISTER (PS) 

Processor status register (PS) is an 11 -bit register. It con- 
sists of a flag to indicate the result of operation and CPU 
interrupt levels. 

Branch operations can be performed by testing the flags C, 
Z, V,andN. 

The details of each processor status register bit are de- 
scribed below. 

1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the ALU after an arithmetic operation. This flag is also 
affected by shift and rotate instructions. This flag can be set 
and reset directly with the SEC and CLC instructions or 
with the SEP and CLP instructions. 

2. Zero flag (Z) 

This zero flag is set if the result of an arithmetic operation 
or data transfer is zero and reset if it is not. This flag can 
be set and reset directly with the SEP and CLP instructions. 

3. Interrupt disable flag (I) 

When the interrupt disable flag is set to "i", all interrupts 
except watchdog timer, DBC, and software interrupt are 
disabled. This flag is set to "1" automatically when there is 
an interrupt. It can be set and reset directly with the SEI 
and CLI instructions or SEP and CLP instructions. 

4. Decimal mode flag (D) 

The decimal mode flag determines whether addition and 
subtraction are performed as binary or decimal. Binary 
arithmetic is performed when this flag is "0". If it is "1", de- 
cimal arithmetic is performed with each word treated as 
two or four digit decimal. Arithmetic operation is performed 
using four digits when the data length flag m is "0" and with 
two digits when it is "1". (Decimal operation is possible 
only with the ADC and SBC instructions.) This flag can be 
set and reset with the SEP and CLP instructions. 
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5. Index register length flag (x) 

The index register length flag determines whether index 
register X and Index register Y are used as 16-bit registers 
or as 8-bit registers. The registers are used as 16-bit regis- 
ters when flag x is "0" and as 8-bit registers when it Is "1". 
This flag can be set and reset with the SEP and CLP in- 
structions. 

6. Data length flag (m) 

The data length flag determines whether the data length is 
16-bit or 8-blt. The data length Is 16-bit when flag m Is "0" 
and 8-bit when it is "1". This flag can be set and reset with 
the SEM and CLM Instructions or with the SEP and CLP in- 
structions. 

7. Overflow flag (V) 

The overflow flag has meaning when addition or subtraction 
is performed a word as signed binary number. When the 
data length flag m is "0", the overflow flag is set when the 
result of addition or subtraction is outside the range be- 
tween — 32768 and +32767. When the data length flag m 
is "1", the overflow flag is set when the result of addition or 
subtraction is outside the range between —128 and +127. 
It is reset in all other cases. The overflow flag can also be 
set and reset directly with the SEP, and CLV or CLP In- 
structions. 

8. Negative flag (N) 

The negative flag Is set when the result of arithmetic op- 
eration or data transfer Is negative (If data length flag m Is 
"0", when data bit 15 is "1". If data length flag m Is "1", 
when data bit 7 Is "1".) It is reset In all other cases. It can 
also be set and reset with the SEP and CLP Instructions. 



9. Processor interrupt priority level (IPL) 

The processor interrupi priority level (IPL) consists of 3 bits 
and determines the priority of processor interrupts from 
level to level 7. Interrupt is enabled when the interrupt 
priority of the device requesting interrupt (set using the in- 
terrupt control register) is higher than the processor inter- 
rupt priority. When Interrupt Is enabled, the current proces- 
sor interrupt priority level is saved in a stack and the pro- 
cessor interrupt priority level Is replaced by the Interrupt 
priority level of the device requesting the interrupt. Refer to 
the section on Interrupts for more details. 



BUS INTERFACE UNIT 

The CPU operates on an internal clock frequency which is 
obtained by dividing the external clock frequency fcxi^) by 
two. This frequency is twice the bus cycle frequency. In 
order to speed-up processing, a bus interface unit is used 
to pre-fetch instructions when the data bus is idle. The bus 
Interface unit synchronizes the CPU and the bus and pre- 
fetches instructions. Figure 4 shows the relationship be- 
tween the CPU and the bus interface unit. The bus inter- 
face unit has a program address register, a 3-byte Instruc- 
tion queue buffer, a data address register, and a 2-byte 
data buffer. 

The bus interface unit obtains an instruction code from 
memory and stores it in the instruction queue buffer, 
obtains data from memory and stores it in the data buffer, 
or writes the data from the data buffer to the memory. 



CPU 



D'i5~D'8 



D'7~D'o 



-A'o 



C 



Control signal 



^ 
^ 
^ 



^ 



C 



^^^^^^^^ 



Bus interface 
unit 



Di5 



^ 



A23~Ao 



> 



BHE 



BYTE 



HOLD 



Fig. 4 Relationship between the CPU and the bus interface unit 
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The bus interface unit operates using one of the waveforms 
(1) to (6) shown in Figure 5. The standard waveforms are 
(l)and(2). 

The ALE signal is used to latch only the address signal 
from the multiplexed signal containing data and address. 
The E signal becomes "L" when the bus interface unit 
reads an Instruction code or data from memory or when it 
writes data to memory. Whether to perform read or write is 
controlled by the R/W signal. Read is performed when the 
R/W signal is "H" state and write is performed when it is 
"L" state. 

Waveform (1 ) in Figure 5 is used to access a single byte or 
two bytes simultaneously. To read or write two bytes simul- 
taneously, the first address accessed must be even. Furth- 
ermore, when accessing an external memory area in mem- 
ory expansion mode or microprocessor mode, set the bus 
width selection input pin BYTE to "L". (external data bus 
width to 16 bits) The internal memory area Is always tre- 
ated as 16-bit bus width regardless of BYTE. 
When performing 16-bit data read or write, if the conditions 
for simultaneously accessing two bytes are not satisfied, 
waveform (2) is used to access each byte one by one. 
However, when prefetching the instruction code, if the 
address of the instruction code is odd, waveform (1) is 
used, and only one byte is read in the instruction queue 
buffer. 

The signals Aq and BHE in Figure 5 are used to control 
these cases: 1-byte read from even address, 1-byte read 
from odd address, 2-byte simultaneous read from even and 
odd addresses, 1-byte write to even address, 1-byte write 
to odd address, or 2-byte simultaneous write to even and 
odd addresses. The Aq signal that is the address bit is 
"L" when an even number address is accessed. The BHE 
signal becomes "L" when an odd number address is 
accessed. 

The bit 2 of processor mode register (address SEie) is the 
wait bit. When this bit Is set to "0", the "L" width of E signal 
Is 2 times as long when accessing an external memory 
area In memory expansion mode or microprocessor mode. 
However, the "L" width of E signal is not extended when an 
internal memory area is accessed. When the wait bit Is "1", 
the "L" width of E signal is not extended for any access. 
Waveform (3) is an expansion of the "L" width of E signal in 
waveform (1). Waveform (4), (5), and (6) are expansion of 
each "L" width of E signal in waveform (2) , first half of 
waveform (2), and the last half of waveform (2) respec- 
tively. 

Instruction code read, data read, and data write are de- 
scribed below. 



Internal clock <f> HJHLJljnjnJTJl-rLrL 

portP2 ZZXaXIXZIZ 
E — LJ " 

ALE __n 
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(2)^ 



n TL 



portP2 zixzxznzxi 



(3)^ 



E 
ALE 



T r 



Jl- 



w< 
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ALE 



Jl 



Jl 
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Port P2 XTYF^gTi X D )r ~ 

1 LJ—L l~ 

ALE n n 



A : Address 

D : Data 

These waveforms are at the memory expansion mode and 

the microprocessor mode. 



\ Access 
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Access 2-byte 
simultaneously 


Access even 
address 1-byte 


Access odd 
address 1-byte 


Ao 


"L" 


"L" 


"H" 


BHE 


"L" 


"H" 


"L" 



Fig. 5 Relationship b etwee n access method and 
signals Aq and BHE 
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Instruction code read will be described first. 
The CPU obtains instruction codes from the instruction 
queue buffer and executes them. The CPU notifies the bus 
interface unit that it is requesting an instruction code during 
an instruction code request cycle. If the requested instruc- 
tion code is not yet stored in the instruction queue buffer, 
the bus interface unit halts the CPU until It can store more 
instructions than requested in the instruction queue buffer. 
Even if there is no instruction code request from the CPU, 
the bus interface unit reads instruction codes from memory 
and stores them in the instruction queue buffer when the 
instruction queue buffer is empty or when only one instruc- 
tion code is stored and the bus is idle on the next cycle. 
This is referred to as Instruction pre-fetching. 
Normally, when reading an instruction code from memory, if 
the accessed address is even the next odd address is read 
together with the instruction code and stored in the instruc- 
tion queue buffer. 

However, in memory expansion mode or microprocessor 
mode, if the bus width switching pin BYTE is "H", external 
data bus width is 8 bits and the address to be read is in ex- 
ternal memory area is odd, only one byte is read and 
stored in the instruction queue buffer. Therefore, waveform 
(1) or (3) in Figure 5 is used for instruction code read. 
Data read and write are described below. 
The CPU notifies the bus interface unit when performing 
data read or write. At this time, the bus interface unit halts 
the CPU if the bus interface unit is already using the bus or 
if there is a request with higher priority. When data read or 
write is enabled, the bus interface unit uses one of the 
waveforms from (1 ) to (6) in Figure 5 to perform the opera- 
tion. 

During data read, the CPU waits until the entire data is 
stored in the data buffer. The bus interface unit sends the 
address received from the CPU to the address bus. Then it 
reads the memory when the E signal is "L" and stores the 
result in the data buffer. 

During data write, the CPU writes the data in the data buf- 
fer and the bus interface unit writes it to memory. There- 
fore, the CPU can proceed to the next step without waiting 
for write to complete. The bus interface unit sends the 
address received from the CPU to the address bus. Then 
when the E signal is "L", the bus interface unit sends the 
data in the data buffer to the data bus and writes it to 
memory. 
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INTERRUPTS 

Table 1 shows the interrupt types and the corresponding 
interrupt vector addresses. Reset is also treated as a type 
of interrupt and is discussed in this section, too. 
DBC is an interrupt used during debugging. 
Interrupts other than reset, DBC, watchdog tinner, zero di- 
vide, and BRK instruction all have interrupt control regis- 
ters. Table 2 shows the addresses of the interrupt control 
registers and Figure 6 shows the bit configuration of the in- 
terrupt control register. 

The interrupt request bit is automatically cleared by the 
hardware during reset or when processing an interrupt. 
Also, interrupt request bits other than DBC and watchdog 
timer can be cleared by software. 

INT2 to INTo are external interrupts and whether to cause 
an interrupt at the input level (level sense) or at the edge 
(edge sense) can be selected with the level sense/edge 
sense selection bit. Furthermore, the polarity of the inter- 
rupt input can be selected with polarity selection bit. 
Timer and UART interrupts are described in the respective 
section. 

The priority of interrupts when multiple interrupts are 
caused simultaneously is partially fixed by hardware, but, it 
can also be adjusted by software as shown in Figure 7. The 
hardware priority is fixed the following: 
reset > DBC > watchdog timer > other interrupts 



Table 1. 



Interrupt types and the interrupt vector 
addresses 



Interrupts 


Vector, addresses 


A-D conversion 


OOFFD616 00FFD7i6 


UART1 transmit 


OOFFD816 00FFD9i6 


UART1 receive 


00FFDA,6 OOFFDB16 


UARtO transmit 


OOFFDC16 OOFFDD16 


UARTO receive 


OOFFDE16 OOFFDF16 


Timer B2 


OOFFEO16 OOFFEI16 


Timer B1 


00FFE2i6 00FFE3i6 


Timer BO 


00FFE4i6 00FFE5i6 


Timer A4 


OOFFE616 00FFE7i6 


Timer A3 


OOFFE816 00FFE9i6 


Timer A2 


OOFFEA16 OOFFEB16 


Timer A1 


OOFFEC16 OOFFED16 


Timer AO 


OOFFEE16 OOFFEF16 


INT2 external interrupt 


OOFFFO16 OOFFFI16 


INT1 external interrupt 


00FFF2i6 00FFF3i6 


INTo external interrupt 


00FFF4i6 00FFF5i6 


Watchdog timer 


OOFFF616 00FFF7i6 


DBC (unusable) 


OOFFF816 00FFF9ie 


Break instruction 


OOFFFA16 OOFFFB16 


Zero divide 


OOFFFC16 OOFFFD16 


Reset 


OOFFFE16 OOFFFF16 



7 6 5 4 3 2 10 

b'MxM MM 





Interrupt priority 
Interrupt request bit 

: No interrupt 

1 : Interrupt 

Interrupt control register configuration for A-D converter, UARTO, UART1, timer AO to timer A4, and timer BO to timer B2 

7 6 5 4 3 2 10 



EH 



Interrupt priority 
Interrupt request bit 

: No interrupt 

1 : Interrupt 
Polarity selection bit 

: Set interrupt request bit at "H" level for level sense and when changing from "H" to "L" 

level for edge sense. 

1 : Set interrupt request bit at "L" level for level sense and when changing from "L" to "H" 

level for edge sense. 
" Level sense/edge sense selection bit 

: Edge sense 

1 : Level sense 



Interrupt control register configuration for INT2~INTo. 



Fig. 6 Interrupt control register configuration 
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Table 2. Addresses of interrupt control registers 



Interrupt control registers 


Addresses 


A-D conversion interrupt control register 


OOOO7O16 


UARTO transmit interrupt control register 


000071 16 


UARTO receive interrupt control register 


000072i6 


UART1 transmit interrupt control register 


000073i6 


UART1 receive interrupt control register 


000074i6 


Timer AO interrupt control register 


000075i6 


Timer A1 interrupt control register 


000076i6 


Timer A2 interrupt control register 


000077i6 


Timer A3 interrupt control register 


000078i6 


Timer A4 interrupt control register 


000079i6 


Timer BO interrupt control register 


00007 Ai 6 


Timer B1 interrupt control register 


00007Bi6 


Timer 82 interrupt control register 


00007Ci6 


INTo interrupt control register 


00007Di6 


INT1 interrupt control register 


00007Ei6 


INT2 interrupt control register 


00007Fi6 



Interrupts caused by a BRK instruction and when dividing 
by zero are software interrupts and are not included in this 
list. 

Other Interrupts previously mentioned are A-D converter, 
UART, Timer, INT Interrupts. The priority of these interrupts 
can be changed by changing the priority level in the cor- 
responding interrupt control register by software. 
Figure 8 shows a diagram of the interrupt priority resolution 
circuit. When an interrupt is caused, the each interrupt de- 
vice compares its own priority with the priority from above 
and if Its own priority is higher, then it sends the priority be- 
low and requests the interrupt. If the priorities are the 
same, the one above has priority. 

This comparison is repeated to select the interrupt with the 
highest priority among nhe interrupts that are being re- 
quested. Finally the selected interrupt is compared with the 
processor interrupt priority level (IPL) contained in the pro- 
cessor status register (PS) and the request is accepted if it 
Is higher than IPL and the Interrupt disable flag I is "0". The 
request is not accepted if flag I Is "1". The reset, DBC, and 
watchdog timer interrupts are not affected by the interrupt 
disable flag I. 

When an interrupt is accepted, the contents of the proces- 
sor status register (PS) is saved to the stack and the inter- 
rupt disable flag I is set to "1". 

Furthermore, the interrupt request bit of the accepted inter- 
rupt is cleared to "0" and the processor interrupt priority 
level (IPL) In the processor status register (PS) is replaced 
by the priority level of the accepted Interrupt. 
Therefore, multi-level priority interrupts are possible by re- 
setting the interrupt disable flag I to "0" and enable further 
Interrupts. 

For reset, DBC, watchdog timer, zero divide, and BRK in- 
struction interrupts, which do not have an interrupt control 
register, the processor Interrupt level (IPL) Is set as shown 
In Table 3. 



Priority resolution is performed by latching the interrupt re- 
quest bit and interrupt priority level so that they do not 
change. They are sampled at the first half and latched at 
the last half of the operation code fetch cycle. 
Because priority resolution takes some time, no sampling 
pulse is generated for a certain interval even if it is the next 
operation code fetch cycle. 



Priority is determined by hardware 
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Fig. 7 Interrupt priority 
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Fig. 8 Interrupt priority resolution 
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As shown in Figure 9, tiiere are three different interrupt 
priority resolution time from which one is selected by soft- 
ware. After the selected time has elapsed, the highest 
priority is determined and is processed after the currently 
executing instruction has been completed. 
The time is selected with bits 4 and 5 of the processor 
mode register (address SEie) shown in Figure 10. Table 4 
shows the relationship between these bits and the number 
of cycles. After a reset, the processor mode register is in- 
itialized to "OOie" and therefore, the longest time is 
selected. 
However, the shortest time may be selected by software. 



Table 3. Value set In processor interrupt level (IPL) 
during an interrupt 



Interrupt types 


Setting value 


Reset 





DBC 


7 


Watchdog timer 


7 


Zero divide 


Not change value of IPL. 


BRK instruction 


Not change value of IPL. 



Table 4. Relationship between priority level evaluation 
time selection bit and number of cycles 



Priority level resolution time selection bit 


Number of cycles 


Bits 


Bit 4 








7 cycles of ^ 





1 


4 cycles of <t> 


1 





2 cycles of 



^ ■. internal clock 



Internal clock 

Operation code fetch cycle 
Sampling pulse 

Priority resolution time 
f/ Select from to 2 with bits 
4 and 5 of the processor 
mode register 



n 



Fig. 9 Interrupt priority resolution time 
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Processor mode register(5Ei6) 



Processor mode bits 





1 

1 

1 1 

Wait bit 


1 



Single-chip mode 
Memory expansion mode 
Microprocessor mode 
Evaluation chip mode 



Wait 
No wait 
Software reset bit 
The processor is reset when this bit is set to "1" 



Priority resolution time selection bit 
: Select in Figure 9 

1 : Select 1 in Figure 9 

1 : Select 2 in Figure 9 
Test mode bit 

Must be "0" 
Clock ^1 output selection bit 

: N6>i output 

1 * 01 output 



Fig. 10 Processor mode register configuration 
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TIMER 

There are eight 16-bit timers. They are divided by type into 
timer A(5) and timer B(3). 

The timer I/O pins are shared with I/O pins for port P5 and 
P6. To use these pins as timer input pins, the data direction 
register bit corresponding to the pin must be cleared to "0" 
to specify input mode. 

Using this timer, confirm the function as this timer is diffe- 
rent a little from M37700M2-XXXFP's. 

TIMER A 

Figure 11 shows a block diagram of timer A. 
Timer A has four modes; timer mode, event counter mode, 
one-shot pulse mode, and pulse width modulation mode. 
The mode is selected with bits and 1 of the timer Ai 
mode register (i = to 4). Each of these modes is de- 
scribed below. 



(1) Timer mode [00] 

Figure 12 shows the bit configuration of the timer Ai mode 
register during timer mode. Bits 0, 1, and 5 of the timer Ai 
mode register must always be "0" in timer mode. 
Bit 3 is ignored if bit 4 is "0". 

Bits 6 and 7 are used to select the timer counter source. 
The counting of the selected clock starts when the count 
start flag is "1" and stops when it is "0". 
Figure 13 shows the bit configuration of the count start flag. 
The counter is decremented, an interrupt is caused and the 
interrupt request bit in the timer Ai interrupt control register 
is set when the contents becomes OOOOie- At the same 
time, the contents of the reload register is transferred to the 
counter and count is continued. 



f(X,N)- 





















1/2 


1/8 


1/2 


1/2 




1/8 









J 



Data bus (odd) 



D ata bus (even ) 

<^v 



Clock source selection 



t64^ 
^512 



• Timer 

• One-sliot 

• Pulse width modulation 

o 



\^ 



(Lower 8 bits) 



2^ 



(Higher 8 bits) 



Reload register(16) 



L-i — V Timer( gate function) ^ 
rLJ— -^ ° VO- 




Event counter 



IZ. 



Counter(16) 



Count start flag 



External trigger 



(40i6) 

Down count 



Up/Down 

I Always decremented 
except in event count mode 



Up-down flag 



(44i6) 



O 



Pulse output 



TAiouT 
(i=0~4) 



^ 



Toggle flip-flop 



Addresses 
TimerAO 47,6 46i6 
TimerAI 49i6 48i6 
TimerA2 4Bt6 ^^^6 
TimerA3 4Di6 4Ci6 
TimerA4 4Fi6 4Ei6 



Fig. 1 1 Block diagram of timer A 
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When bit 2 of the timer Ai mode register is "1", the output 
is generated from TAioui pin. The output is toggled each 
time the contents of the counter reaches to OOOOie- When 
the contents of the count start flag is "0", "L" is output from 
TAiouT pin. 

When bit 2 is "0", TAioux can be used as a normal port pin. 
When bit 4 is "0", TAiiN can be used as a normal port pin. 
When bit 4 is "1", counting is performed only while the in- 
put signal from the TAiiN pin is "H" or "L" as shown in Fi- 
gure 14. Therefore, this can be used to measure the pulse 
width of the TAiiN input signal. Whether to count while the 
input signal is "H" or while it is "L" is determined by bit 3. If 
bit 3 is "1", counting is performed while the TAIin pin input 



signal is "H" and if bit 3 is "0^', counting is performed while 

it is "L". 

Note that the duration of "H" or "L" on the TAIin pin must be 

two or more cycles of the timer count source. 

When data is written to timer Ai register with timer Ai 

halted, the same data is also written to the reload register 

and the counter. When data is written to timer Ai which is 

busy, the data is written to the reload register, but not to 

the counter. The counter is reloaded with new data from 

the reload register at the next reloaid time. The contents of 

the counter can be read at any time. 

When the value set in the timer Ai register is n, the timer 

frequency dividing ratio is 1/(n -f 1). 
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Addresses 
Timer AO mode register 56i6 

Timer AI mode register 57i6 

Timer A2 mode register 58i6 

Timer A3 mode register 59i6 

Timer A4 mode register 5Ai6 













































: Always "00" in timer mode 












: No pulse output (TAiour is normal port pin) 

1 : Pulse output 

X : No gate function (TAiiN is normal port pin) 

1 : Count only while TAIin input is "L" 
1 1 : Count only while TAIin input is "H" 

: Always "0" in timer mode 
















: Select fa 

1 : Select fi6 

1 : Select f64 

1 1 : Select f5i2 





Fig. 12 Timer Ai mode register bit configuration during timer mode 
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Count start flag 

(Stop at "0", Start at "1") 

Timer AO count start flag 
Timer A1 count start flag 
Timer A2 count start flag 
Timer A3 count start flag 
Timer A4 count start flag 
Timer BO count start flag 
Timer B1 count start flag 
Timer B2 count start flag 



Address 

40i6 



Fig. 13 Count start flag bit configuration 



Selected clock source fj 
TAi.N 

Timer mode register 
Bit 4 Bit 3 








1 




Timer mode register 
Bit 4 Bits 


1 1 







Fig. 14 Count waveform when gate function Is available 
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(2) Event counter mode [01] 

Figure 15 shows the bit configuration of the timer Ai mode 
register during event counter mode. In event counter mode, 
the bit of the timer Ai mode register must be "1" and bit 1 
and 5 must be "0". 

The input signal from the TAIin pin is counted when the 
count start flag shown in Figure 13 is "1" and counting is 
stopped when it is "0". 

Count is performed at the fall of the Input signal when bit 3 
is "0" and at the rise of the signal when it is "1". 
In event counter mode, whether to increment or decrement 
the count can be selected with the up-down flag or the in- 
put signal from the TAIqut pin. 

When bit 4 of the timer Ai mode register is "0", the up- 
down flag is used to determine whether to increment or de- 
crement the count (decrement when the flag is "0" and in- 
crement when it is "1"). Figure 16 shows the bit configura- 
tion of the up-down flag. 

When bit 4 of the timer Ai mode register is "1", the input 
signal from the TAIqut pin is used to determine whether to 
increment or decrement the count. However, note that bit 2 
must be "0" if bit 4 is "1" because if bit 2 is "1", TAIqut pin 
becomes an output pin with pulse output. 
The count is decremented when the input signal from the 
TAIqut pin is "L" and incremented when it is "H". Deter- 
mine the level of the input signal from the TAIqut pin be- 
fore valid edge Is Input to the TAIin pin- 
An interrupt request signal is generated and the Interrupt 
request bit in the timer Ai interrupt control register is set 
when the counter reaches OOOOie (decrement count) or 
FFFF16 (increment count). At the same time, the contents 
of the reload register is transferred to the counter and the 
count is continued. 

When bit 2 is "1" and the counter reaches OOOOie 
(decrement count) or FFFF16 (increment count), the wave- 
form reversing polarity is output from TAIqut pin. 
If bit 2 is "d", TAIqut pin can be used as a normal port pin. 
However, if bit 4 is "1" and the TAIqut pin is used as an 
output pin, the output from the pin changes the count direc- 
tion. Therefore, bit 4 should be "0" unless the output from 
the TAIqut pin Is to be used to select the count direction. 
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Addresses 
Timer AO mode register 56i6 
Timer A1 mode register 57i6 
Timer A2 mode register 58i6 
Timer A3 mode register 59i6 
Timer A4 mode register 5Ai6 

: Always "01" in event counter mode 



— : No pulse output 
1 : Pulse output 

~" : Count at the falling edge of input signal 
1 : Count at the rising edge of input signal 

— : Increment or decrement according 

to up/down flag 
1 : Increment or decrement according 
to TAIqut pin input signal level 

— : Always "0" in event counter mode 
-XX : Not used in event counter mode 



Fig. 15 Timer Ai mode register bit configuration 
during event counter mode 
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HE 



Address 

44i6 
Up-down flag 

-Timer AO up-down flag 

-Timer AI up-down flag 

-Timer A2 up-down flag 

-Timer A3 up-down flag 

-Timer A4 up-down flag 

-Timer A2 two-phase pulse signal 
processing selection bit 

! Two-phase pulse signal processing 

disabled 

1 : Two-phase pulse signal processing 

mode 



-Timer A3 two-phase pulse signal 
processing selection bit 

: Two-phase pulse signal processing 

disabled 

1 : Two-phase pulse signal processing 

mode 

-Timer A4 two-phase pulse signal 
processing selection bit 

'. Two-phase pulse signal processing 

disabled 

1 : Two-phase pulse signal processing 

mode 



Fig. 16 Up-down flag bit configuration 
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Data write and data read are perforpned in ttie same way as 
for timer mode. That is, wlien data is written to timer Al 
lialted, it is also written to tlie reload register and the coun- 
ter. When data is written to timer Ai which is busy, the data 
is written to the reload register, but not to the counter. The 
counter is reloaded with new data from the reload register 
at the next reload time. The counter can be read at any 
time. 

In event counter mode, whether to increment or decrement 
the counter can also be determined by supplying two- 
phase pulse input with phase shifted by 90° to timer A2, A3, 
or A4. There are two types of two-phase pulse processing 
operations. One uses timers A2 and A3, and the other uses 
timer A4. In either processing operation, two-phase pulse is 
input in the same way, that is, pulses out of phase by 90° 
are input at the TAjour (J=2 to 4) pin and TAjin pin. 
When timers A2 and A3 are used, as shown in Figure 17, 
the count is incremented when a rising edge is input to the 
TAICiN pin after the level of TAkoui (k = 2, 3) pin changes 
from "L" to "H", and when the falling edge is inserted, the 
count is decremented. 

For timer A4, as shown in Figure 18, when a phase related 
pulse with a rising edge input to the TA4|n pin is input after 
the level of TA4out pin changes from "L" to "H", the count 
is incremented at the respective rising edge and falling 
edge of the TA4out pin and TA4|n pin. 
When a phase related pulse with a falling edge input to the 
TA4ouT pin is input after the level of TA4|n pin changes 
from "H" to "L", the count is decremented at the respective 
rising edge and falling edge of the TA4|n pin and TA4out 
pin. When performing this two-phase pulse signal proces- 



sing, timer Aj mode register bit and bit 4 must be set to 
"1" and bits 1, 2, 3, and 5 must be "0". Bits 6 and 7 are 
ignored. Note that bits 5, 6, and 7 of the up-down flag reg- 
ister (44i6) are the two-phase pulse signal processing 
selection bit for timer A2, A3, and A4 respectively. Each 
timer operates in normal event counter mode when the cor- 
responding bit is "0" and performs two-phase pulse signal 
processing when it is "1". 

Count is started by setting the count start flag to "1". Data 
write and read are performed in the same way as for nor- 
mal event counter mode. Note that the direction register of 
the input port must be set to input mode because two- 
phase pulse signal is input. Also, there can be no pulse 
output in this mode. 
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Addresses 
Timer A2 mode register 58i6 

Timer A3 mode register 59i6 

Timer A4 mode register SA^e 

1 : Always "01" in event counter mode 



1 : Always "0100" when processing 
two-phase pulse signal 

- XX : Not used in event counter mode 



Fig. 19 Timer Aj mode register bit configuration when 
performing two-phase pulse signal processing 
In event counter mode 



J 



TAk,N 
(k=2.3) 



J 



L 



Up-count Up-count Up-count Down-count ' Down-count Down-count 



Fig. 17 Two-phase pulse processing operation of timer A2 and timer A3 
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Fig. 18 Two-phase pulse processing operation of timer A4 
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(3) One-shot pulse mode C10J 

Figure 20 shows the bit configuration of the timer Ai mode 
register during one-shot pulse mode. In one-shot pulse 
mode, bit and bit 5 must be "0" and bit 1 and bit 2 must 
be"1". 

The trigger is enabled when the count start flag Is "1". The- 
trigger can be generated by software or it can be input 
from the TAIin pin. Software trigger is selected when bit 4 
is "0" and the input signal from the TAIin pin is used as the 
trigger when it is "1". 

Bit 3 is used to determine whether to trigger at the fail of 
the trigger signal or at the rise. The trigger Is at the fall of 
the trigger signal when bit 3 is "0" and at the rise of the 
trigger signal when it is "1". 

Software trigger is generated by setting the bit in the one- 
shot start flag corresponding to each timer. 
Figure 21 shows the bit configuration of the one-shot start 
flag. 

As shown in Figure 22, when a trigger signal is received, 
the counter counts the clock selected by bits 6 and 7. 
If the contents of the counter is not OOOOie, the TAIqut pin 
goes "H" when a trigger signal is received. The count 
direction is decrement. 

When the counter reaches 0001 16, The TAIout pin goes "L" 
and count is stopped. The contents of the reload register is 
transferred to the counter. At the same time, an interrupt 
request signal is generated and the interrupt request bit in 
the timer Ai interrupt control register is set. This is repe- 
ated each time a trigger signal is received. The output 
pulse width is 

1 ' 

pulse frequency of the selected clock 

X( counter's value at the time of trigger). 
If the count start flag is "0", TAIqut goes "L". Therefore, the 
value corresponding to the desired pulse width must be 
written to timer Ai before setting the timer Ai count start 
flag. 

As shown in Figure 23, a trigger signal can be received be- 
fore the operation for the previous trigger signal is com- 
pleted. In this case, the contents of the reload register is 
transferred to the counter by the trigger and then that value 
Is decremented. 

Except when retriggering while operating, the contents of 
the reload register is not transferred to the counter by trig- 
gering. 

When retriggering, there must be at least one timer count 
source cycle before a new trigger can be issued. 
Data write is performed to the same way as for timer mode. 
When data is written in timer Ai halted, it Is also written to 
the reload register and the counter. 

When data is written to timer Ai which is busy, the data is 
written to the reload register, but not to the counter. The 
counter is reloaded with new data from the reload register 
at the next reload time. 
Undefined data is read when timer Ai is read. 
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Addresses- 
Timer AO mode register 56i6 

Timer A1 mode register 57i6 

Timer A2 mode register 58i6 

Timer A3 mode register 59ig 

Timer A4 mode register 5Ai6 / 



■ 1 ■. Always "10" in one-sliot pulse mode 
1 .' Always "1" in one-shot pulse mode 

-OX: Software trigger 

1 : Trigger at the falling edge of TAii^ 
input 

1 1 : Trigger at the rising edge of TAii^ 
input 

: Always "0" in one-shot pulse mode 

Clock source selection 
: Select fa 

1 : Select fi6 

1 : Select f64 

1 1 : Select fsia' 



Fig. 20 Timer Ai mode register bit configuration during 
one-shot pulse mode 
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One-shot start flag 

Timer AO one-shot start flag 
Timer A1 one-shot start flag 
Timer A2 one-shot start flag 
Timer A3 one-shot start flag 
Timer A4 one-shot start flag 



Address 

42,6 



Fig. 21 One-shot start flag bit configuration 
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Selected clock 
source fi 



TAiiN 

(in case of the 
rising edge) 



^irin^i^^^^^jL^mnj 



n 



TAio 



Example when the contents of the reload register is 0003,6 



Fig. 22 Pulse output example when external rising edge is selected 



Selected clock 
source fj 



TAiiN 

(in case of the 
rising edge) 

TAiouT 



n^^^i^jui^mn^u^juuu 



n f 



Example when the contents of the reload register is 0004ie 



Fig. 23 Example when trigger is re-issued during pulse output 
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(4) Pulse width modulation mode [11] 

Figure 24 shows the bit configuration of the timer Ai mode 
register during pulse width modulation mode. In pulse 
width modulation mode, bits 0, 1, and 2 must be set to "1". 
Bit 5 is used to determine whether to perform 16-bit length 
pulse width modulator or 8-bit length pulse width modula- 
tor. 16-bit length pulse width modulator is performed when 
bit 5 is "0" and 8-bit length pulse; width modulator is per- 
formed when it is "1". The 16-bit length pulse width mod- 
ulator is described first. 

The pulse width modulator can be started with a software 
trigger or with an input signal from a TAiiN pin (external 
trigger). 

The software trigger mode is selected when bit 4 is "0". 
Pulse width modulator is started and pulse is output from 
TAiouT when the timer Ai start flag is set to "1". 
The external trigger mode is selected when bit 4 is "1". 
Pulse width modulator starts when a trigger signal is input 
from the TAIin pin when the timer Ai start flag is "1". 
Whether to trigger at the fall or rise of the trigger signal is 
determined by bit 3. The trigger is at the fall of the trigger 
signal when bit 3 is "0" and at the rise when it is "1". 
When data is written to timer Ai with the pulse width mod- 
ulator halted, it is written to the reload register and the 
counter. 

Then when the timer Ai start flag is set to "1" and a soft- 
ware trigger or an external trigger is issued to start modula- 
tion, the waveform shown in Figure 25 is output continuous- 
ly, Once modulation is started, triggers are not accepted. If 
the value in the reload register is m, the duration "H" of 
pulse is 

1 
selected clock frequency 
and the output pulse period is 
1 ' 



Xm 



X(2^^-1). 



selected clock frequency 
An interrupt request signal is generated and the interrupt 
request bit in the timer Ai interrupt control register is set at 
each fall of the output pulse. 

The width of the output pulse is changed by updating timer 
data. The update can be performed at any time. The output 
pulse width is changed at the rise of the pulse after data is 
written to the timer. 

The contents of the reload register are transferred to the 
counter just before the rise of the next pulse so that the 
pulse width is changed from the next output pulse. 
Undefined data is read when tinier Ai is read. 
The 8-bit length pulse width modulator is described next. 
The 8-bit length pulse width modulator is selected when 
the timer Ai mode register bit 5 is "1". 
The reload register and the counter are both divided into 8- 
bit halves. 
The low order 8 bits function as a prescaler and the high 



order 8 bits function as the 8-bit length pulse width modula- 
tor. The prescaler counts the clock selected by bits 6 and 
7. A pulse is generated when the counter reaches OOOOie 
as shown in Figure 26. At the same time, the contents of 
the reload register is transferred to the counter and count is 
continued. 
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Addresses 
Timer AO mode register 56i6 

Timer A1 mode register 57i6 

Timer A2 mode register 58i6 

Timer A3 mode register 59i6 

Timer A4 mode register 5Ai6 , 



■ 1 1 : Always "11" in pulse width modulation 
mode 

1 : Always "1" in pulse width modulation 
mode 

- X : Software trigger 

1 : Trigger at the falling of TAii^ input 
1 1 : Trigger at the rising of TAiiN input 

: 16 bit pulse width modulator 

1 : 8 bit pulse width modulator 

- Clock source selection bit 

: Select f2 

1 : Select fi6 

1 : Select U^ 

1 1 : Select f5i2 



Fig. 24 Timer Ai mode register bit configuration during 
pulse width modulation mode 
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Therefore, if the low order 8-bit of the reload register is n, the length is 8 bits. If the high order 8-bit of the reload reg- 
the period of the generated pulse is ister is m, the duration "H" of pulse is 



1 



-X(n+1). 



1 



selected clock frequency '"'" ' "" selected clock frequency 

The high order 8-bit function as an 8-bit length pulse width And the output pulse period is 

modulator using this pulse as input. The operation is the 1 

same as for 16-bit length pulse width modulator except that selected clock frequency 



X(n+l)X m. 



X(n+l)X(2«-1) 



1/tiX(2^^-1) 



-i 



Selected clock 



T m^tm"m^ji.ri riJl^^^ui^ 



TAliN 
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Fig. 25 16-bit length pulse width modulator output puise example 
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Fig. 26 8-bit lengtii pulse widtli moduiator output pulse example 
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TIMER B 

Figure 27 shows a block diagram of timer B. 
Timer B has three modes; timer mode, event counter mode, 
and pulse period measurement/pulse width measurement 
mode; The mode is selected with bits and 1 of the timer 
Bi mode register (i =0 to 2). Each of these modes is de- 
scribed below. 

(1) Timer mode [00] 

Figure 28 shows the bit configuration of the timer Bi mode 
register during timer mode. Bits 0, and 1 of the timer Bi 
mode register must always be "0" in timer mode. 
Bits 6 and 7 are used to select the clock source. The 
counting of the selected clock starts when the count start 
flag "1" and stops when "0". 



As shown in Figure 13, the timer Bi count start flag is at the 
same address as the timer Ai count start flag. The count is 
decremented, an interrupt occurs, and the interrupt request 
bit in the timer Bi Interrupt control register is set when the 
contents becomes OOOOie- At the same time, the contents of 
the reload register is stored in the counter and count is 
continued. 

Timer Bi does not have a pulse output function or a gate 
function like timer A. 

When data is written to timer Bi halted, it is written to the 
reload register and the counter. When data is written to 
timer Bi which is busy, the data is written to the reload reg- 
ister, but not to the counter. The counter is reloaded with 
new data from the reload register at the next reload time. 
The contents of the counter can be read at any time. 



Data bus(odcl) 



Data bus (even) . 



Clock source selection 



h c 

fi6 — o 

h 



'512 
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• Timer 

• Pulse period measurement/pulse 
width measurement 
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12. 



(Lower 8 bits) 



^^ 



(Higher 8 bits) 



Reload register(16) 



(i=0~2) 



Polarity selection 
TBiiN Q — and edge pulse 
^ generator 



^^ 



Event counter 
o 



22. 



<2. 



Counter(16) 



L- Count start flag 



(40i6) 



Counter reset 
circuit 



Addresses 
Timer BO 51 16 50i6 

Timer 81 53i6 52i6 

Timer B2 55i6 54i6 



Fig. 27 Timer B block diagram 
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(2) Event counter mode C01] 

Figure 29 shows the bit configuration of the timer Bi mode 

register during event counter mode. In event counter mode, 

the bit in the timer Bi mode egister must be "1" and bit 1 

must be "0". 

The input signal from the TBiiN pin is counted when the 

count start flag is "1" and counting is stopped when it is "0". 

Count is performed at the fall of the input signal when bits 

2, and 3 are "0" and at the rise of the input signal when bit 

3 is "0" and bit 2 is "1". 

When bit 3 is "1" and bit 2 is "0", count is performed at the 

rise and fall of the input signal. 

Data write, data read and timer interrupt are performed in 

the same way as for timer mode. 

(3) Pulse period measurement/pulse width 
measurement mode [10] 

Figure 30 shows the bit configuration of the timer Bi mode 
register during pulse period measurement/pulse width 
measurement mode. 

In pulse period measurement/pulse width measurement 
mode, bit must be "0" and bit 1 must be "1". Bits 6 and 7 
are used to select the clock source. The selected clock is 
counted when the count start flag is "1" and counting stops 
when it is "0". 

The pulse period measurement mode is selected when bit 
3 is "0". In pulse period measurement mode, the selected 
clock is counted during the interval starting at the fall of the 
input signal from the TBiiN pin to the next fall or at the rise 
of the input signal to the next rise and the result is stored in 
the reload register. In this case, the reload register acts as 
a buffer register. 

When bit 2 is "0", the clock is counted from the fall of the 
input signal to the next fall. When bit 2 is "1", the clock is 
counted from the rise of the input signal to the next rise. 
In the case of counting from the fall of the input signal to 
the next fall, counting is performed as follows. As shown in 
Figure 31, when the fall of the input signal from TBIin pin is 
detected, the contents of the counter is transferred to the 
reload register. Next the counter is cleared and count is 
started from the next clock. When the fall of the next input 
signal is detected, the contents of the counter is transferred 
to the reload register once more, the counter is cleared, 
and the count is started. The period from the fall of the in- 
put signal to the next fall is measured in this way. 



7 6 5 43 2 10 

l, l , l , M>< l ><l? | o ] 



Addresses 
Timer BO mode register 5Bi6 ~ 

Timer 81 mode register 5Ci6 

^Timer 82 mode register 5Di6 

: Always "00" in timer mode 

XX : Not used in timer mode and 
may be any 

-Timer 8i overflow flag 
"Clock source selection bit 
: Select fj 

1 : Select fi6 

1 : Select f64 

1 1 : Select f5i2 



Fig. 28 Timer BI mode register bit configuration during 
timer mode 
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Addresses 
''Timer BO mode register 58,6 

Timer B1 mode register 5Ci6 

s.Timer 82 mode register 5Di6 

1: Always "01" in event counter 
mode 
-go: Count at the falling edge of 
input signal 

1 : Count at the rising edge of 

input signal 

1 : Count at the both falling edge 

and rising edge of input signal 

- Timer Bi overflow flag 

- XX : Not used in event counter mode 



Fig. 29 Timer Bi mode register bit configuration during 
event counter mode 
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Addresses 
Timer 80 mode register 58i6 

Timer 81 mode register 5Ci6 

Timer 82 mode register 5D^q / 
1 : Always "10" in pulse period 

measurement/pulse width 

measurement mode 
: Count from the falling edge of 

input signal to the next falling one 

1 : Count from the rising edge of 

input signal to the next rising one 

1 : Count from the falling edge of 

input signal to the next rising one 
and from the rising edge to the 
next falling one 
Timer Bi overflow flag 

Clock source selection bit 
: Select h 

1 : Select f^g ' 

1 : Select f64 

1 1 : Select Ua2 



Fig. 30 Timer Bi mode register bit configuration during 
puise period measurement/pulse width 
measurement mode 
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After the contents of the counter is transferred to the reload 
register, an interrupt request signal is generated and the 
interrupt request bit in the timer Bi interrupt control register 
is set. However, no interrupt request signal is generated 
when the contents of the counter Is transferred first time to 
the reload register after the count start flag is set to "1". 
When bit 3 Is "1", the pulse width measurement mode is 
selected. Pulse width measurement mode is similar to 
pulse period measurement mode except that the clock is 
counted from the fall of the TBiiN pin input signal to the next 
rise or from the rise of the input signal to the next fall as 



shown in Figure 32. 

When timer Bi is read, the contents of the reload register is 
read. 

Note that in this mode, the interval between the fall of the 
TBiiN pin input signal to the next rise or from the rise to the 
next fall must be at least two cycles of the timer count 
source. 

Timer Bi overflow flag which is bit 5 of timer Bi mode regis- 
ter is set to "1" when the timer Bi counter reaches OOOOie- 
This flag is cleared by writing to corresponding timer Bi 
mode register. This bit is set to "1" at reset. 
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Fig. 31 Pulse period measurement mode operation (example of measuring the interval between the failing edge to 
next faliing one) 
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Fig. 32 Pulse width measurement mode operation 
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SERIAL I/O PORTS 

Two independent serial I/O ports are provided. Figure 33 
shows a block diagram of the serial I/O ports. 
Bits 0, 1, and 2 of the UARTi (i =0, 1 ) Transmit/Receive 
mode register shown in Figure 34 are used to determine 
whether to use port P8 as parallel port, clock synchronous 
serial I/O port, or asynchronous (DART) serial I/O port us- 



ing start and stop bits. 

Figures 35 and 36 show the connections of receiver/trans- 
mitter according to the mode. 

Figure 37 shows the bit configuration of the UARTi transmit/ 
receive control register. 
Each communication method is described below. 
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Fig. 33 Serial i/O port block diagram 
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1^ M^ M ^M ^ 1^1 f ^^^^ ° Transmit/Receive mode register 30i6^ 
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: Parallel port 

1 : Clock synchronous 

1 : 7-bit UART 
1 1 : 8-bit UART 

' 1 1 : 9-bit UART 
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". Internal clock 

1 ; External clock 




: 1 stop bit 
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: No sleep 
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Fig. 34 UART I Transmit/Receive mode register bit configuration 
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Fig. 35 Receiver block diagram 
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Fig. 36 Transmitter block diagram 
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Addresses 
Transmit/Receive control register 34i6 
Transmit/Receive control register 3Cie 
Clock source selection bit 
: Select fa 

1 : Select fi6 

1 .'Select f64 
11 : Select f5i2 

CfSi RTS Selection bit 

: Select CfS 

1 •" Select RTS 

Transmission register empty bit 

Addresses 
fUART Transmit/Receive control register 1 35i6 
J [UART 1 Transmit/Receive control register 1 ., 3Di6 

— Transmit enable flag 

— Transmit buffer empty flag 
— ■ Receive enable flag 

— Receive completior^ flag 

— Overrun error flag 

Framing error flag 

Parity error flag 

— -Error sum flag 



Fig. 37 UARTi Transmit/Receive control register bit configuration 
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CLOCK SYNCHRONOUS SERIAL 
COMMUNICATION 

A case where communication is performed between two 
clock synchronous serial I/O ports as shown in Figure 38 
will be described. (The transmission side will be denoted 
by subscript j and the receiving side will be denoted by 
subscript k.) 

Bit of the UARTj transmit/ receive mode register and 
UARTk transmit/receive mode register must be set to "1" 
and bits 1 and 2 must be "0". The length of the transmission 
data is fixed at 8 bits. 

Bit 3 of the UARTj transmit/receive mode register of the 
clock sending side is cleared to "0" to select the internal 
clock. Bit 3 of the UARTk transmit/receive mode register of 
the clock receiving side is set to "1" to select the external 
clock. Bits 4, 5 and 6 are ignored in clock synchronous 
mode. Bit 7 must always be "0". 

The clock source is selected by bit (CSq) and bit 1 
(CSi) of the clock sending side UARTj transmit/receive 
control register 0. As shown in Figure 33, the selected 
clock is divided by (n +1), then by 2, passed through a 
transmisson control circuit, and output as transmisson clock 
CLKj. Therefore, when the selected clock is fi. 

Bit Rate=fi/| (n+l)X2| 

On the clock receiving side, the CSo and CSi bits of the 
UARTk transmit/receive control register are ignored be- 
cause an external clock is selected. 

The bit 2 of the clock sending side UARTj transmit/receive 
control register is clear to "0"to select CTSj input. The bit 2 
of the clock receiving side is set to "1" to select RTSk out- 
put. GTS, and RTS signals are described later. 

Transmission 

Transmission is started when the bit (TEj flag) of UARTj 
transmit/receive control register 1 is "1", bit 1 is (TIj flag) 
of one is "0", and CTSj input is "L". As shown in Figure 39, 
data is output from TxDj pin when transmission clock CLKj 
changes from "H" to "L". The data Is output from the least 
significant bit. 

The TIj flag indicates whether the transmission buffer regis- 
ter is empty or not. It is cleared to "0" when data is written 
in the transmission buffer register and set to "1" when the 
contents of the transmission buffer register is transferred to 
the transmission register. 

When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati- 
cally fronr) the transmission buffer register to the transmis- 
sion register if the next transmission start condition is satis- 
fied. If the bit 2 of UARTj transmit/receive control register 
is "1", CTSj input is ignored and transmission start is con- 
trolled only by the TEj flag and TIj flag. Once transmission 
has started, the TEj flag, TIj flag, and CTSj signals are 
ignored until data transmission completes. Therefore, trans- 



mission is not interrupt when CTSj input is changed to "H" 
during transmission. 

The transmission start condition indicated by TEj flag, TIj 
flag, and CTSj is checked while the Tendj signal shown in 
Figure 39 is "H". Therefore, data can be transmitted con- 
tinuously if the next transmission data is written in the trans- 
mission buffer register and TIj flag is cleared to "0" before 
the Tendj signal goes "H". 

The bit 3 (TxEPTYj flag) of UARTj transmit/receive control 
register changes to "1" at the next cycle after the Tendj 
signal goes "H" and changes to "0" when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmission has completed. 
When the TIj flag changes from "0" to "1", the interrupt re- 
quest bit in the UARTj transmission interrupt control regis- 
ter is set to "1". 

Receive 

Receive starts when the bit 2 (REk flag) of UARTk trans- 
mit/receive control register 1 is set to "1". 
The RTSk output is "H" when the REk flag is "0" and goes 
"L" when the REk flag changed to "1". It goes back to "H" 
when receive starts. Therefore, the RTSk output can be 
used to determine whether the receive register is ready to 
receive. It is ready when RTSk output is "L". 
The data from the RxDk pin is retrieved and the contents of 
the receive register is shifted by 1 bit each time the trans- 
mission clock CLKj changes from "L" to"H". When an 8-bit 
data is received, the contents of the receive register is 
transferred to the receive buffer register and the bit 3 (RIk 
flag) of UARTk transmit/receive control register 1 is set to 
"1". In other words, the setting of the RIk flag indicates that 
the receive buffer register contains the received data. At 
this point, RTSj output goes "L" to indicate that the next 
data can be received. When the RIk flag changes from "0" 
to "1", the interrupt request bit in the UARTk receive inter- 
rupt control register is set to "1". Bit 4 (OERk flag) of 
UARTk transmit/receive control register is set to "1" when 
the next data is transferred from the receive register to the 
receive buffer register while RIk flag is "1", and indicates 
that the next data was transferred to the receive register 
before the contents of the receive buffer register was read. 
RIk and OERk flags are cleared automatically to "0" when 
the low-order byte of the receive buffer register is read. 
The OERk flag is also cleared when the REk flag is 
cleared. Bit 5 (FERk flag), bit 6 (PERk flag), and bit 7 
(SUMk flag) are ignored in clock synchronous mode. 
As shown in Figure 33, with clock synchronous serial com- 
munication, data cannot be received unless the transmitter 
is operating because the receive clock is created from the 
transmission clock. Therefore, the transmitter must be oper- 
ating even when there is no data to be sent from UARTk to 
UARTj. 
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Fig, 38 Clock synchronous serial communication 



Transmission ^_^,/,iX(n+l )X2 

c-^ ~LjmrLRrinjiJinjiiiJirmjLrinra^ 



^i _r 



1 



CTSj 



"1_J - } % 1_ 

Write in transmission buffer register Transmission registers-Transmission buffer register 

U_r~~" 



CLK 



Stopped because TEj= " " 

mniiriamrrnjijirijijiiijij-nr^^ 



-*^ ^1/fiX(n+1)X2 



Tendj 
TxDi 



Jl 



JL 



Jl 



TxEPTYi 



D„XD,XD.XD.XD.XD.XDeXD. \p,YpXoXO,YDXp^(0^0, XD,\o^D.\0,)ipXoNp,\D 



r — L 



Fig. 39 Clock synchronous serial I/O timing 
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ASYNCHRONOUS 
SERIAL COMMUNICATION 

Asynchronous serial communication can be performed us- 
ing 7-, 8-, or 9-bit length data. The operation is the same 
for all data lengths. The following is the description for 8-bit 
asynchronous communication. 

With 8-bit asynchronous communication, the bit of UARTi 
transmit/receive mode register is "1", the bit 1 is "0", and 
the bit 2 is "1". 

Bit 3 is used to select an internal clock or an external 
clock. If bit 3 is "0", an internal clock is selected and if bit 3 
is "1", then external clock is selected. If an internal clock is 
selected, the bit (CSq) and bit 1 (CSi) of UARTi transmit/ 
receive control register are used to select the clopk 
source. When an internal clock is selected for asynchro- 
nous serial communication, the CLK pin can be used as a 
normal I/O pin. 



The selected internal or external clock is divided by (n + 1), 
then by 16, and passed through a control circuit to create 
the UART transmission clock or UART receive clock. 
Therefore, the transmission speed can be changed by 
changing the contents n of the bit rate generator. If the 
selected clock is an internal clock fi or an external clock 

^EXT. 

Bit Rate =(fi or fEXj)/ l(n+1 )X16 I 

Bit 4 is the stop bit length selection bit to select 1 stop bit 

or 2 stop bits. 

The bit 5 is a selection bit of odd parity or even parity. 

In the odd parity mode, the parity bit is adjusted so that the 

sum of the 1's in the data and parity bit is always odd. 

In the even parity mode, the parity bit is adjusted so that 

the sum of the 1's in the data and parity bit is always even. 
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Fig. 40 Transmit timing example when 8-bit asynchronous communication with parity and 1 stop bit is selected 
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Fig. 41 Transmit timing example when 9-blt asynchronous communication with no parity and 2 stop bits is selected 
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Bit 6 is the parity bit selection bit which indicates whether 
to add parity bit or not. 

Bits 4 to 6 should be set or reset according to the data for- 
mat of the communicating devices. 

Bit 7 is the sleep selection bit. The sleep mode is de- 
scribed later. 

The UARTj transmit/receive control regisger bit 2 is used 
to determine whether to use CTSj input or RTSj output. 
CTSj input used if bit 2 is "0" and RTSj output is used if bit 
2i s"1" . 

If CTSi Input Is selected, the user can control whether to 
stop or start transmission by external GTSj input. RTSj will 
be described later. 

Transmission 

Transmission is started when the bit (TEi flag) of UARTj 
transmit/receive control register 1 is "1", the bit 1 (TIj flag) 
is "0", and CTSj input is "L" if CTSj input is selected. As 
shown in Figure 40 and 41 , data is output from the TxDj pin 
with the stop bit and parity bit specified by the bits 4 to 6 of 
UARTj transmit/receive mode register bits. The data is out- 
put from the least significant bit. 

The TIj flag indicates whether the transmission butter is 
empty or not. It is cleared to "0" when data is written in the 
transmission buffer and set to "1" when the contents of the 
transmission buffer register is transferred to the transmis- 
sion register. 



When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati- 
cally form the transmission buffer register to the transmis- 
sion register if the next transmission start condition is satis- 
fied. 

Once transmission has started, the TEj flag, TIj flag, and 
CTSj signal (if CTSj input is selected) are ignored until 
data transmission is completed. 

Therefore, transmission does not stop until it completes 
even if the TEj flag is cleared during transmission. 
The transmission start condition indicated by TEj flag, TIj 
flag, and CTSj is checked while the TendI signal shown in 
Figure 40 is "H". Therefore, data can be transmitted con- 
tinuously if the next transmission data is written in the trans- 
mission butter register and TIj flag is cleared to before 
the TendI signal goes "H". 

The bit 3 (TxEPTYj flag) of UARTj transmit/receive control 
register changes to "1" at the next cycle after the Tend! 
signal goes "H" and changes to "0" when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmision is completed. 
When the TIj flag changes from "0" to "1", the interrupt re- 
quest bit in the UARTj transmissoin interrupt control regis- 
ter is set to "1". 

Receive 

Receive is enabled when the bit 2 (REj flag) of UARTj 
transmit/receive control register 1 is set. As shown in Fi- 
gure 42, the frequency divider circuit at the receiving end 
begin to work when a start bit is arrived and the data is re- 
ceived. 
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Fig. 42 Receive timing example when 8-bit asynchronous communication with no parity and 1 stop bit is selected 
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If RTSj output is selected by setting the bit 2 of UARTj 
transmit/receive control register to "1", the RTSi output is 
"H" when the REj flag is "0". When the REj flag changes to 
"1", the RTSi output goes "L" to indicate receive ready and 
returns to "H" once receive has started. In other words, 
RTSj output can be used to determine externally whether 
the receive register is ready to receive. 
The entire transmission data bits are received when the 
start bit passes the final bit of the receive block shown in 
Figure 35. At this point, the contents of the receive register 
is transferred to the receive buffer register and the bit 3 of 
UARTj transmit/receive control register 1 is set. In other 
words, the Rlj flag indicates that the receive buffer register 
contains data when it is set. If RTSj output is selected, RTSj 
output goes "L" to indicate that the register is ready to re- 
ceive the next data. 

The interrupt request bit in the UARTj receive interrupt 
control register is set when the Rlj flag changes from "0" to 
"1". 

The bit 4 (OERj flag) of UARTj transmission control register 
1 is set when the next data is transferred from the receive 
register to the receive buffer register while the Rlj flag is 
"1". In other words when an overrun error occurs. If the 
OERj flag is "1", it indicates that the next data has been 
transferred to the receive buffer register before the con- 
tents of the receive butter register has been read. 
Bit 5 (FERj flag) is set when the number of stop bits is less 
than required (framing error). 
Bit 6 (PERj flag) is set when a parity error occurs. 
Bit 7 (SUMj flag) is set when either the OERj flag, FERj 
flag, or the PERj flag is set. Therefore, the SUMj flag can 
be used to determine whether there is an error. 
The setting of the Rlj flag, OERj flag, FERj flag, and the 
PERi flag is performed while transferring the contents of 
the receive register to the receive buffer register. The Rlj 
OERj, FERj, PERj, and SUMj flags are cleared when the 
low order byte of the receive buffer register is read or 
when the REj flag is cleared. 

Sleep mode 

The sleep mode is used to communicate only between cer- 
tain microcomputers when multiple microcomputers are 
connected through serial I/O. 

The sleep mode is entered when the bit 7 of UARTj trans- 
mit/receive mode register is set. 

The operation of the sleep mode for an 8-bit asynchronous 
communication is described below. 

When sleep mode is selected, the contents of the receive 
register is not transferred to the receive buffer register if 
bit 7 (bit 6 if 7-bit asynchronous communication and bit 8 if 
9-bit asychronous communication) of the received data is 
"0". Also the Rlj, OERj, FERj, PERj, and the SUMj flag are 
unchanged. Therefore, the interrupt request bit of the 
UARTj receive interrupt control register is also unchanged. 



Normal receive operation takes place when bit 7 of the re- 
ceived data is "1". 

The following is an example of how the sleep mode can be 
used. 

The main microcomputer first sends data with bit 7 set to 
"1" and bits to 6 set to the address of the subordinate 
microcomputer which wants to communicate with. Then all 
subordinate microcomputers receive the same data. Each 
subordinate microcomputer checks the received data, 
clears the sleep bit if bits to 6 are its own address and 
sets the sleep bit if not. Next the main microcomputer 
sends data with bit 7 cleared. Then the microcomputer with 
the sleep bit cleared will receive the data, but the micro- 
computer with the sleep bit set will not. In this way, the 
main microcomputer is able to communicate with only the 
designated microcomputer. 
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A-D CONVERTER 

The A-D converter is an 8-bit successive approximation 
converter. 

Figure 43 shows a block diagram of the A-D converter and 
Figure 44 shows the bit configuration of the A-D control 
register. The frequency of the A-D converter operating 
clock 0AD is selected by the bit 7 of the A-D control regis- 
ter. When bit 7 is "0", 0ad is the clock frequency divided by 
8. That is, 0ad=^KX|n)/8. When bit 7 is "1", 0ad is the clock 
frequency divided by 4 and 0ad is=f(X|N)/4. The ^ad dur- 
ing A-D conversion must be 250kHz minimum because the 
comparator consists of a capacity coupling amplifier. 
The operating mode is selected by the bits 3 and 4 of A-D 
control register, The available operating modes are one- 
shot, repeat, single sweep, and repeat sweep. 
The bit of data direction register bit corresponding to the 
A-D converter pin must be "0" (input mode) because the 
analog input port is shared with port P7. 
The operation of each mode is described below. 
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Fig. 44 A-D control register bit configuration 
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Fig. 43 A-D converter block diagram 
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(1) One-shot mode tOO] 

The A-D conversion pins are selected with the bit to 2 of 
A-D control register. A-D conversion can be started by a 
software trigger or by an external trigger. 
A software trigger is selected when the bit 5 of A-D control 
register is "0" and an external trigger is selected when it is 
"1". 

When a software trigger is selected, A-D conversion is 
started when bit 6 (A-D conversion start flag) is set. A-D 
conversion ends after 57 ^ad cycles and an interrupt re- 
quest bit is set in the A-D conversion interrupt control reg- 
ister. At the same time, A-D control register bit 6 (A-D con- 
version start flag) is cleared and A-D conversion stops. The 
result of A-D conversion is stored in the A-D register cor- 
responding to the selected pin. 

If an external trigger is selected, A-D conversion starts 
when the A-D conversion start flag is "1" and the ADtrg in- 
put changes from "H" to "L". In this case, the pins that can 
be used for A-D conversion are ANq to ANe because the 
ADtrg pin is shared with the analog voltage input pin AN7. 
The operation is the same as with software trigger except 
that the A-D conversion start flag is not cleared after A-D 
conversion and a retrigger can be available during A-D 
conversion. 

(2) Repeat mode [01] 

The operation of this mode is the same as the operation of 
one-shot mode except that when A-D conversion of the 
selected pin is complete and the result is stored in the A-D ^ 
register, conversion does not stop, but is repeated. Also, no 
interrupt request is issued in this mode. Furthermore, if 
software trigger is selected, the A-D conversion start flag is 
not cleared. The contents of the A-D register can be read 
at any time. 

(3) Single sweep mode [10] 

In the sweep mode, the number of analog input pins to be 
swept can be selected. Analog input pins are selected by 
bits 1 and of the A-D sweep pin selection register (IF16 
address) shown In Figure 45. Two pins, four pins, six pins, 
or eight pins can be selected as analog input pins, de- 
pending on the contents of these bits. 
A-D conversion is performed only for selected input pins. 
After A-D conversion is performed for input of ANq pin, the 
conversion result is stored in A-D register 0, and in the 
same way, A-D conversion is performed for selected pjns 
one after another. After A-D conversion is performed for all 
selected pins, the sweep is stopped. 
A-D conversion can be started with a software trigger or 
with an external trigger input. A software trigger is selected 
when bit 5 is "0" and an external trigger is selected when it 
is"1". 

When a software trigger is selected, A-D conversion is 
started when A-D control register bit 6 (A-D conversion 
start flag) is set. When A-D conversion of all selected pins 
end, an interrupt request bit is set in the A-D conversion in- 



terrupt control register. At the same time, A-D control regis- 
ter bit 6 (A-D conversion start flag) is cleared and A-D 
conversion stops. 

When an external trigger is selected, A-D conversion starts 
when the A-D conversion start flag is "1" and the ADjrg in- 
put changes from "H" to "L". In this case, the A-D conver- 
sion result of the trigger input itself is stored in the A-D 
register 7 because the ADtrg pin is shared with AN7 pin. 
The operation is the same as done by software trigger ex- 
cept that the A-D conversion start flag is not cleared after 
A-D conversion and a retrigger can be available during A-D 
conversion. 

(4) Repeat sweep mode [11] 

The difference with the single sweep mode is that A-D 
conversion does not stop after converting from the ANq pin 
to the selected pins, but repeats again from the ANq pin. 
The repeat is performed among the selected pins. Also, no 
interrupt request is generated. Furthermore, if software trig- 
ger is selected, the A-D conversion start flag is not cleared. 
The A-D register can be read at any time. 



7 6 5 4 S 2 1 

MXlXlXlXlXl 



A-D sweep pin Address 
selection register IF^e 

: ANo, ANi (2 pins) 

1 : ANo~AN3 (4 pins) 

1 : ANo-ANs (6 pins) 
1 1 : ANo~AN7 (8 pins) 



Fig. 45 A-D sweep pin selection register configuration 
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WATCHDOG TIMER 

The watchdog timer is used to detect unexpected execu- 
tion sequence caused by software run-away. 
Figure 46 shows a block diagram of the watchdog timer. 
The watchdog timer consists of a 12-bit binary counter. 
The watchdog timer counts the clocl< frequency divided by 
32, ((32) or by 512 (f5i2)- Whether to count f32 or f5i2 is de- 
termined by the watchdog timer frequency selection flag 
shown in Figure 47. fgig is selected when the flag is "0" and 
f32 is selected when it is "1". The flag is cleared after reset. 
FFF16 is set in the watchdog timer when "1" or 2Vcc is ap- 
plied to the RESET pin, STP instruction is executed, data is 
written to the watchdog timer, or the most significant bit of 
the watchdog timer become "0". 

After FFF16 is set in the watchdog timer, the contents of 
watchdog timer is decremented by one at every cycle of 
selected frequency f32 or f5i2, and after 2048 counts, the 
most significant bit of watchdog timer become "0", and a 
watchdog timer interrupt request bit is set, and FFFie is 
preset in the watchdog timer. 

Normally, a program is written so that data Is written in the 
watchdog timer before the most significant bit of the watch- 
dog timer become "0". If this routine is not executed due to 
unexpected program execution, the most significant bit of 
the watchdog timer become eventually "0" and an interrupt 
is generated, 

The processor can be reset by setting the bit 3 (software 
reset bit) of processor mode register described in Figure 
10 in the interrupt section and generating a reset pulse. 
The watchdog timer stops its function when the RESET pin 
voltage is raised to double the Vcc voltage. 
The watchdog timer can also be used to recover from when 
the clock is stopped by the STP instruction. Refer to the 
section on clock generation circuit for more details. 
The watchdog timer hold the contents during a hold state 
and the frequency is stopped to input. 
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Fig. 46 Watchdog timer block diagram 
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Fig. 47 Watchdog timer frequency selection fl^g 
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RESET CIRCUIT 

Reset occurs when the RESET pin is returned to "H" level 
after holding it at "L" level when the power voltage is at 5V 
±10%. Program execution starts at the address formed by 
setting the address pins A23~Ai6 to OO16, Ais^As to the 
contents of address FFFFie, and Ay^Ao to the contents of 
address FFFE^e- 

Figure 48 shows the status of the internal registers when a 
reset occurs. 

Figure 49 shows an example of a reset circuit. The reset in- 
put voltage must be held 0.9V or lower when the power vol- 
tage reaches 4.5V. 
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Fig. 49 Example of a reset circuit (perform careful 
evaluation at the system design level before using) 



(1) Port PO data directional register 

(2) Port P1 data directional register 

(3) Port P2 data directional register 

(4) Port P3 data directional register 

(5) Port P4 data directional register 

(6) Port P5 data directional register 

(7) Port P6 data directional register 

(8) Port P7 data directional register 

(9) Port P8 data directional register 

(10) A-D control register 

(11) A-D sweep pin selection register 

(12) UART Transmit/Receive mode register 

(13) UART 1 Transmit/Receive mode register 

(14) UART. Transmit/Receive control register 

(15) UART 1 Transmit/Receive control register 

(16) UART Transmit/Receive control register 1 

(17) UART 1 Transmit/Receive control register 1 

(18) Count start flag 

(19) One-shot start flag 

(20) Up-down flag 

(21) Timer AO mode register 

(22) Timer A1 mode register 

(23) Timer A2 mode register 

(24) Timer A3 mode register 

(25) Timer A4 mode register 

(26) Timer BO mode register 

(27) Timer B1 mode register 

(28) Timer 82 mode register 
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(5Di6)" 



00i6 



00ie 



XXXX^ 





XKXi\ 








1 





1 


00i6 



><1XMq|q|q|oTo 



00i6 



00ie 



00i6 



00i( 



00i6 



00i6 



(5E,e) 


00i6 


(60i6)- 


FFF16 


(61i6) 


-MXKXKMX" 


(70i6) 


... XKKX ° ° ° 


(71i6) 


... XKXK ° "o 


i72,e) 


-EEEEo ° ° " 


(73i6) 


...XXEE"""" 


(74,e) 


-X^E"""" 


(75i6) 


-XXXMo » 


(76i6) 


-MM'^"" 


(77i6) 


■ WMK 0000 


(78,e) 


...XXEE"""" 


(79i6) 


- lYMAK 0000 


(7Ai6; 


... ^^X "00° 


(7Bi6 


...^X^o^o 


(7Ci6 


...^XKaZ""" 


(7Di6 


•"XXo 00000 


(7E,6 


- ^^ 000000 


(7Fi6 


'■' X^ 000000 





? ? 1 ? ? 




0016 




Content of FFFF16 




Content of FFFEig 


OOOOie 




OO16 



1 



M 



0000 



1 



001^0000 



(29) Processor mode register 

(30) Watchdog timer 

(31) Watchdog timer frequency selection flag 

(32) A-D conversion Interrupt control register 

(33) UART transmission interrupt control register 

(34) UART receive interrupt control register 

(35) UART 1 transmission interrupt control register 

(36) UART 1 receive interrupt control register 

(37) Timer AO interrupt control register 

(38) Timer A1 interrupt control register 

(39) Timer A2 interrupt control register 

(40) Timer A3 interrupt control register 

(41) Timer A4 interrupt control register 

(42) Timer BO interrupt control register 

(43) Timer B1 interrupt control register 

(44) Timer 82 interrupt control register 

(45) INT interrupt control register 

(46) INT 1 interrupt control register 

(47) INT 2 interrupt control register 

(48) Processor status register PS 

(49) Program bank register PG 

(50) Program counter PCh . 

(51) Program counter PCl 

(52) Direct page register DPR 

(53) Data bank register DT 



Contents of other registers and RAM are not initialized and should be in- 
itialized by software. 



Fig. 48 Microcomputer internal status during reset 
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INPUT/OUTPUT PINS 

Ports P8 to PO all have a data direction register and each 
bit can be programmed for input or output. A pin becomes 
an output pin when the corresponding data direction regis- 
ter is set and an input pin when it is cleared. 
When pin programmed for output, the data is written to the 
port latch and it is output to the output pin, When a pin is 
programmed for output, the contents of the port latch is 
read instead of the value of the pin. Therefore, a previously 
output value can be read correctly even when the output 
"L" voltage is raised due to reasons such as directly driving 
an LED. 

A pin programmed for input is floating and the value input 
to the pin can be read. When a pin is programmed for in- 
put, the data is written only in the port latch and the pin 
stays floating. 

If an input/output pin is not used as an output port, clear 
the bit of the corresponding data direction register so that 
the pin become input mode. 

Figure 50 shows a block diagram of ports P8 to PO in sing- 
le-chip mode and the E pin output. 

In memory expansion mode, microprocessor mode, and 
evaluation chip mode, ports P4 to PO are also used as 
address, data, and control signal pins. 
Refer to the section on processor modes for more details. 
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• Port P07~POo. Pl7~P1o, P27~P2o, P33~P3o, P46~P42 (Inside dotted-line not included) 
Port P4o, P4i, P47, P57, P67~P6i, P82, PSg (Inside dotted-line included, but P82, PSg are without hysterisis) 
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Fig. 50 Block diagram for ports P8 to PO in single-chip mode and tlie E pin output 
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PROCESSOR MODE 

The bits and 1 of processor mode register as shown in Fi- 
gure 51 are used to select any mode of single-chip mode, 
memory expansion mode, microprocessor mode, and eva- 
luation chip mode. 

Ports P3 to PO and a part of port P4 are used as address, 
data, and control signal I/O pins except in single-chip 
mode. 

Figure 52 shows the functions of ports P4 to PO in each 
mode. 

The external memory area changes when the mode 
changes. 

Figure 53 shows the memory map for each mode. 
Refer to Figure 1 for the memory map of the single-chip 
mode. The external memory area can be accessed except 
in single-chip mode. The accessing of the external memory 
is affected by the BYTE pin and the bit 2 (wait bit) of pro- 
cessor mode register . These will be described next. 



• BYTE pin 

When accessing the external memory, the level of the 
BYTE pin is used to determine whether to use the data bus 
as 8-bit width or 16-bit width. 

The data bus width is 8 bits when the level of the BYTE pin 
is "H" and port P2 becomes the data I/O pin. 
The data bus width is 16 bits when the level of the BYTE 
pin is "L" and ports PI and P2 become the data I/O pins. 
When accessing the internal memory, the data bus width is 
always 16 bits regardless of the BYTE pin level. 
An exclusive mode in the evaluation chip mode allows the 
BYTE pin level to be set to 2-Vcc- In this case, the opera- 
tion is slightly different from the above. This is described in 
the evaluation chip mode section. 



Address 
Processor rhode register 5E,6 

Processor mode bit 
: Single-chip mode 

1 : Memory expansion mode* 

1 : Microprocessor mode 
1 1 : Evaluation chip mode 

Wait bit 

: Wait 

1 : No Wait 

Software reset bit 

Reset occurs when this bit is set to 1 

- Interrup priority resolusion time selection bit 

: Select 1/f(X,N)X14 

1 : Select 1/f(X,N)X8 

1 .'Select l/f(X,N)X 4 

- Test mode bit 

This bit must be "0" 

-Clock ^1 output selection bit 

: No ^1 output 

1 : 01 output 



Fig. 51 Processor mode register bit conflgulation 
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CMi 



CMo 



Mode 



Single-chip Mode 



Memory Expansion Mode 



Microprocessor 
Mode 



Evaluation Chip Mode 



E 

PO7 
POo 



^ "^ I/O Port 



J~ 



E 

PO7 

I 

POo 



I "")( Address A^-Ap )( 



Same as left 



Same as left 



BYTE= "L" 



Ai5~Af 



5-^8^ 



I )( Address)(Data(odd]( 



Same as left 



Same as left 



BYTE= "H" 

or2-Vcc 
(Evaluation 
chip mode 
only.) 



P1^-V 

I j\ I/O Port 

PI0 



TZ 



E 
PI7 



'DC 



Address Ai5~A8 



DC 



Ai5~A8 



l:^ 



Same as left 



)(Addres^Data(oddy 

Port P4, P5 and their direction 
registers are treated as 16-bit wide 
bus. If BYTE=2-Vcc, the internal 
ROM area is also treated as 16-bit 
wide bus. 



BYTE= "L" 



BYTE= "H' 

or 2-Vcc 
(Evaluation 
chip mode 
only.) 



P2y-^J 

I X I/O Port 

P2o-V\ 



Tl 



P27 

I 

P2o 



-Aie^l 



DG=XSXI 



Same as left 



Same as left 



■-Ai6-^ 



y Address )( Data )( 



Same as left 



P27 ^'^Z^llLk-, 

I y Address )( Data )( 



P2o 



(even, odd) 



(even, odd) 
Same as for Port PI 



Port P3 



I "^ I/O Port 



'DC 



P3, 



Tl 



P33 
P32 

P3( 



x: 



Same as left 



Same as left 



'»DC 



R/W 



x: 



;dc 



I A I/O Port 

P4o ■ 



xz 



P42— A- 



1/0 Port 



J~ 



Port P4 



* When processor mode 
register bit 7 = "0" 






RDY 



HOLD 



XI 
XI 



* When processor mode 
register bit 7 = "0" 



Same as above except P42 
* When processor mode register 
blt7 = "1" 



Same as above except P42 

* When processor mode register 
bit7 = "1" 



Same as left in 
spite of proce- 
ssor mode re- 
gister bit 7 



E 


P47 X DBC 


X 


P4e X VPA X 


X 


P4. X VDA X 


X 


P44 X ^^'- 


X 


P43 X ^^ 


X 


P42 0, 




P4i X RDY 


X 


P4' ~)( HOLD 


X 



Fig. 52 Processor mode and ports P4 to PO functions 
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•Wait bit 

As shown in Figure ^4, when the external memory area is 

accessed with the processor mode register bit 2 (wait txit) 

cleared to "0", the "L" width of E signal becomes twice 

compared with no wait (the wait bit is "1"). The wait bit is 

cleared to "0" at reset. 

The accessing of internal memory area is performed in no 

wait mode regardless of the wait bit. 

the processor modes are described below. 



Memory (expansion Microprocessor Evaluation chip 
mode mode mode 



80i, 



27Fie 



C000,6 



FFFFie 



RAM 






The shaded area is the external memory area. 



Fig. 53 External memory area for each processor 
mode 



Internal clocks nj~lJnj~lJTjnj~l ' 


Wait bit , 
"1" 


P0rtP2 X yOataX XoataX 


Address Address 


E 1 1 1 1 

ALE n n 




Address Address 


Port P2 X X Data X X Data 


Wait bit , 




F 1 1 1 


"0" 


ALE n n 



(1) Single-chip mode [00] 

single-chip mode is entered by connecting the GNVss pin 
to Vss and starting from reset. Ports P4 to PO all function as 
normal I/O ports. Port P42 can be the 0i output pin divided 
the clock to X|n pin by 2 by setting bit 7 of processor mode 
register to "1" 

(2) Merpbry expansion mode [01] 

Memory expansion mode is entered by setting the proces- 
sor mode bits to "01" after connecting the QNVss pin to Vss 
and starting from reset. 

Port PO becomes an address output pin and loses its I/O 
port function. 

Port P1 has two functions depending on the level of the 
BYTE pin. 

When the BYTE pin level is "L", port P1 functions as an 
address output pin while E is "H" and as an odd address 
data l/Q pin while E is "L". However, if an internal memory 
is read, external data is ignored while E is "L". In this case 
the I/O port function is lost. 

When the BYTE pin level "H", port PI functions as an 
address output pin and loses its I/O port function. 
Port P2 has two functions depending on the level of the 
BYTE pin. 

When the BYTE pin level is "L", port P2 functions as an 
address output pin while E is "H" and as an even address 
data I/O pin while E is "L". However, if an internal memory 
is read, external data is ignored while E is "L". 
When the BYTE pin level is "H", port P2 functions as an 
address output pin while E is "H" and as an even and odd 
address data I/O pin while E is "L". However, if an internal 
memory is read, external data is ignored while E is "L". In 
this case the I/O port function is lost. 
Ports P3o, P3i, P32, and PSs become R/W, BHE, ALE, and 
HLDA output pin respectively and lose their I/O port func- 
tions. 

R/W is a read/write signal which indicates a read when it 
is "H" and a write when it is "L". 

BHE is a byte high enable signal which indicates that an 
odd address is accessed when it is "L". 
Therefore, two bytes at even and odd addresses are 
accessed simultaneously if address Aq is "L" and BHE is 
"L". 



Fig. 54 Relationship between wait bit and access time 
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ALE is an address latch enable signal used to latch the 
address signal from a multiplexed signal of address and 
data. The latch is transparent while ALE is "H" to let the 
address signal pass through and held while ALE is "L". 
HLDA is a hold acknowledge signal and is used to notify 
externally when the microcomputer receives HOLD input 
and enters into hold state. 



Ports P4o and P4i become HOLD and RDY input pin re- 
spectively and lose their output pin function, but the input 
pin function remains. 

HOLD is a hold request signal. It is an input signal used to 
put the microcomputer in hold state. HOLD input is 
accepted when the internal clock ^ falls from "H" level to 
"L" level while the bus is not used. Ports PO, P1, P2, P3o, 
and P3i are floating while the microcomputer stays in hold 
state. These ports are floating after one cycle of the inter- 
nal clock plater than HLDA signal changes to "L" level. At 
the removing of hold state, these ports are removed from 
floating state after one cycle of plater than HLDA signal 
changes to "H" level. 

RDY is a ready signal. If this signal goes "L", the internal 
clock stops at "L". When <t>^ output from port P42 is 
selected by setting bit 7 of processor mode register to "1", 
01 output keeps on. RDY is used when slow external mem- 
ory is attached. 

(3) Microprocessor mode [10] 

Microprocessor mode is entered by connecting the CNVss 
pin to Vcc and starting from reset. It can also be entered by 
programming the processor mode bits to "10" after con- 
necting the CNVss pin to Vss and starting from reset. This 
mode is similar to memory expansion mode except that in- 
ternal ROM is disabled and an external memory is re- 
quired, and 01 from port P42 is always output in spite of bit 
7 of processor mode register. 

(4) Evaluation chip mode [11] 

Evaluation chip mode is entered by applying voltage twice 
the Vcc voltage to the CNVss pin. This mode Is normally 
used for evaluation tools. 

The functions of ports PO and P3 are the same as in mem- 
ory expansion mode. 

Port P1 functions as an address output pin while E is "H" 
and as data I/O pin of odd addresses while E is "L" re- 
gardless of the BYTE pin level. However, if an internal 
memory is read, external data is ignored while E is "L". 
Port P2 function as an address output pin while E is "H" 
and as data I/O pin of even addresses while E is "L" when 
the BYTE pin level is "L". However, if an internal memory is 
read, external data is ignored while E is "L". 
When the BYTE pin level is "H" or 2 -Vcc, port P2 functions 
as an address output pin while E is "H" and as data I/O pin 
of even and odd addresses while E is "L". However, if an 
Internal memory is read, external data is ignored while E is 
"L". 
Port P4 and its data direction register which are located at 



address OAie and OCie are treated differently in evaluation 
chip mode. When these addresses are accessed, the data 
bus width is treated as 16 bits regardless of the BYTE pin 
level, and the access cycle is treated as internal memory 
regardless of the wait bit. 

When a voltage twice the Vcc voltage is applied to the 
BYTE pin, the addresses corresponding to the internal 
ROM area are also treated as 16-bit data bus. 
The functions of ports P4o and P4i are the same as in 
memory expansion mode. 

Ports P42 to P46 become 0i, MX, QCL, VDA, and VPA out- 
put pins respectively. Port P47 becomes the DBC input pin. 
01 from port P42 divided the clock to X|n pin by 2 is always 
output in spite of bit 7 of processor mode register. 
The MX signal normally contains the contents of flag m, but 
the contents of flag x is output if the CPU is using flag x. 
QCL is the queue buffer clear signal. It becomes "H" when 
the instruction queue buffer is cleared, for example, when a 
jump instruction is executed. 

VDA is the valid data address signal. It becomes "H" while 
the CPU is reading data from data buffer or writing data to 
data buffer. It also becomes "H" when the first byte of the 
instruction (operation code) is read from the instruction 
queue buffer. 

VPA is the valid program address signal. It becomes "H" 
while the CPU is reading an instruction code from the in- 
struction queue buffer. 

DBC is the debug control signal and is used for debugging. 
Table 5 shows the relationship between the CNVss pin in- 
put levels and processor modes. 



Table 5. Relationship between the CNVss pin input 
levels and processor modes 



CNVss 


Mode 


Description 


Vss 


• Single-chip 

• Memory expansion 

• Microprocessor 

• Evaluation chip 


Single-chip mode upon start- 
ing after reset. Other modes 
can be selected by changing 
the processor mode bit by 
software. 


Vcc 


• Microprocessor 

• Evaluation chip 


Microprocessor mode upon 
starting after reset. Evaluation 
chip mode can be selected 
by changing the processor 
mode bit by software. 


2 • Vcc 


• Evaluation chip 


• Evaluation chip mode only. 
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CLOCK GENERATING CIRCUIT 

Figure 55 shows a block diagram of tine clock generator. 
When an STP instruction is executed, the internal clock ip 
stops oscillating at "L" level. At the same time, FFF16 is 
written to watchdog timer and the watchdog timer input 
connection is forced to i^2- This connection is broken and 
connected to the input determined by the watchdog timer 
frequency selection flag when the most significaht bit of the 
watchdog timer is cleared or reset. 

Oscillation resumes when an interrupt is received, but the 
internal clock ^remains at "L" level until the most signifi- 
cant bit of the watchdog timer is cleared. This is to avoid 
the unstable interval at the start of oscillation when using a 
ceramic resonator. 

When a WIT instruction is executed, the internal clock 
stops at "L" level, but the oscillator does not stop. The 
clock is restarted when an interrupt is received. Instructions 
can be executed immediately because the oscillator is not 
stopped. 

The stop or wait state is released when an interrupt is re- 
ceived or when reset is issued. Therefore, interrupts must 
be enabled before executing a STP or WIT instruction. 
Figure 56 shows a circuit example using a ceramic (or 
quartz crystal) resonator. Use the manufacturer's recom- 
mended values for constants such as capacitance which 
differ for each resonator. Figure 57 shows an example of 
using an external clock signal. 




Fig. 56 Circuit using a ceramic resonator 





M37702M2-XXXFP 




X 


N 


XoUT 


29 if 


30 



Open 



External clock source 



Fig. 57 External clock input circuit 



Interrupt request - 



STP instruction - 



S Q 



WIT instruction— R 



S Q- 



~^ 



Reset 



-STP instruction 



X>j\ 



1/2 




Q 



Watchdog 
timer 



1/2 



1/8 



6 6 



Fig. 55 Biock diagram of a clock generator 
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ADDRESSING MODES 

The M37702M2-XXXFP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 

MACHINE INSTRUCTION LIST 

The M37702M2-XXXFP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction list for details. 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1 ) M37702M2-XXXFP mask ROM order confirmation form 

(2) 80P6N mark specification form 

(3) ROM data (EPROM 3 sets) 
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ABSOLUTE MAXIMUM RATINGS 


Symbol 


' Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0.3-7 , 


V 


AVcc 


Analog supply voltage 




-0.3-7 


V 


V, 


Input voltage RESET, CNVss, BYTE 




-0.3—12 


V 


V, 


Input voltage POo-POr, P1o~Pl7, P2o~P27, P3o~P33, 
P4o~P47, P5o~P57, P6o~P67, P7o~P77, 

P8p~P87, Vrep, X,N 




-0. 3~Vcc+0. 3 


V 


Vo 


Output voltage POq-PO?, P1o~Pl7. P2o~P27, P3o~P33, 
P4o'-P47, P5o~P57, P6o~P67, P7o~P77, 
P8o~P87, XouT- E 


- 'J .: 


-0. 3~Vcc+P. 3 


V 


Pd 


Power dissipation 


Ta=25°C 


300 


mW 


Topr 


Operating temperature 




-20-85 


°C 


Tstg 


Storage tenriperature 




-40-150 


°c 



RECOMMENDED OPERATING CONDITIONS (Vcc=5V±10%, Ta=-20~85°C. unless otherwise noted) 



Symbol 






Limits 


Unit 




Min. 


Typ. 


Max. 


Vcc 


Supply voltage 


4.5 


5.0 


5.5 


V 


AVcc 


Analog supply voltage 




Vcc 




V 


Vss 


Supply voltage 









V 


AVss 


Analog supply voltage 









y 


V,H 


High-level input voltage POo~P07, P3o~P33, P4o~P47, 
P5o~P57, P6o-'P67, P7o~P77, 
P8o~P87, X,N, RESET. CNVss, 
BYTE 


O.SVcc 




Vcc 


V 


V,H 


High-level input voltage P1o~Pl7, P2o~P27 

(in single-chip mode) 


0. BVcc 




Vcc 


V 


V,H 


High-level input voltage P1o~Pl7, P2o~P27 

(in memory expansion mode and 
microprocessor mode) 


0. 5Vcc 




Vcc 


V 


VlL, 


Low-level input voltage POo~P07, P3o~P33, P4o~P47, 
P5o~P57, P6o~P67, P7o~P77, 
P8o~P87, X,N, RESET, CNVss, 
BYTE 







0. 2Vcc 


V 


V,L 


Low-levelinput voltage PIq—PV, P2o~P27 

(in single-chip mode) 







0. 2Vcc 


V 


V,L 


Low-level input voltage P1o~Pl7, P2o~P27 

(in memory expansion mode and 
microprocessor mode) 







o.ievcc 


V 


'oH(peak) 


High-level peak output current P0o~P07, P1o~Pl7, P2o~P27, 
P3o~P33, P4o~P47, P5o-P57, 
P6o~P67, P7o~P77, P8o~P87 






-10 


mA 


'oH(avg) 


High-level average output current POo~P07, P1o~Pl7, P2o~P27, 
P3o~P33, P4o~P47, P5o~P57, 
P6o~P67, P7o~P77, P8o~P87 






-5 


mA 


loL(peak) 


Low-level peak output current POo~P07, P1o~Pl7, P2o~P27, 
P3o~P33, P4o~P47, P5o~P57, 
P6o~P67, P7o~P77, P8o~P87 






10 


mA 


loL(avg) 


Low-level average output current POo^PO?, P1o~Pl7, P2o~P27, 

. P3o~P33, P4o~P47, P5o~P57, 

P6o~P67, P7o~P77, P8o~P87 






5 


mA 


f(X,N) 


External clock frequency Input 


M37702M2-XXXFP, M37702S1FP 






8 


MHz 


M37702M2AXXXFP, M37702S1AFP 






16 


M37702M2BXXXFP, M37702S1BFP 






25 



Note 1 . Average output cUrrent is the average value of a 100ms interval. 

2 . The sum of loL(peak) ^oi" POrts PO, PI, P2, P3, and P8 must be 80mA or less, 
the sum of loH(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum ot lou(peak) for ports P4, P5, P6, and P7 must be 80mA or less, and 
the sum of loH(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 
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M37702M2-XXXFP 

ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=OV, Ta=25"C, f(X,N)=8MHz, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min. 


Typ. 


Max. 


VoH 


High-level output voltage POo~P07, P1o~Pl7, P2o~P27, 
P3o. P3i, P33, P4o~P47, 
P5o~P57. P6o~P67, P7o~P77. 
P8o~P87 


loH=-10mA 


3 






V 


VoH 


High-level output voltage POo~P07, P1o~Pl7, P2o~P27, 
P3o, P3i, P33 


loH=-400/iA 


4.7 






V 


VoH 


High-level output voltage P32 


loH=-10mA 


3.1 






V 


loH=-400//A 


4.8 






VoH 


High-level output voltage E 


loH=-10mA 


3.4 






V 


loH=-400/.A 


4.8 






Vol 


Low-level output voltage POo~P07, P1o~Pl7. P2o~P27, 
P3o, P3i, P33, P4o~P47, 
P5o~P57, P6o~P67. P7o~P77, 
P8o~P87 


loL=10mA 






2 


V 


Vol 


Low-level output voltage POo~P07, P1o~Pl7, P2o~P27, 
P3o, P3i, P33 


loL=2mA 






0.45 


V 


Vol 


Low-level output voltage P32 


loL=10mA 






1.9 


V 


loL=2mA 






0.43 


Vol 


Low-level output voltage E 


loL=10mA 






1.6 


V 


loL=2mA P 






0.4 


Vt+-Vt- 


Hysteresis HOLD, RDY, TA0,n~TA4|n, TB0|n~TB2|n, 

INTo~INT2, ADtrg, CTSo, CTSi, CLKq, CLKi 




0.4 




1 


V 


Vt+-Vt- 


Hysteresis RESET 




0.2 




0.5 


V 


Vt+-Vt- 


Hysteresis X|n 




0.1 




0.3 


V 


l|H 


High-level input current POo~P07, P1o~Pl7> P2o~P27, 
P3o~P33. P4o~P47, P5o~P57, 
P6o~ P67, P7o~ P77, P8o~ P87, 
XiN, RESET, CNVss, BYTE 


V|=5V 






5 


/ufK 


I.L 


Low-level Input current POo~P07, P1o~Pl7, P2o~P27, 
P3o~P33, P4o~P47, P5o~P57, 
P6o~P67, P7o~P77, P8o~P87, 
X,N, RESET, CNVss, BYTE 


V|=OV 






-5 


juA 


VraM 


RAM hold voltage 


When clock is stopped. 


2 






V 


Ice 


Power supply current 


In single-chip mode 
output only pin is 
open and other pins 
are Vss during reset. 


f(X|N)=8MHz, 
square waveform 




6 


12 


mA 


Ta=25°C when clock 
is stopped. 






1 


uA 


Ta=85°C when clock 
is stopped. 






20 



A-D CONVERTER CHARACTERISTICS^ (Vcc=5V, Vss=OV, Ta=25°C, f(X,N)=8MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


- 


Resolution 


Vref=Vcc 






8 


Bits 


- 


Absolute accuracy 


Vref=Vcc 






±3 


LSB 


Rladder 


Ladder resistance 


Vref=Vcc 


2 




10 


kn 


tcONV 


Conversion time 




28.5 






us 


Vref 


Reference voltage 




2 




Vcc 


V 


V,A ' 


Analog input voltage 









Vref 


V 
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M37702M2AXXXFP 

ELECTRICAL CHARACTERISTICS (Voo=5V, Vss=OV. Ta=25-C, f(X,„) = 16MHz, uhless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min. 


Typ. 


Max. 


VoH 


High-level output voltage POo-PO?. P1o~Pl7, P2o~P27, 
P3o, P3i, P33, P4o~P47, 
P5o~P57, P6o~P67, P7o~P77, 
P8o~P87 


loH=-10riiA 


3 






V 


VoH 


High-level output voltage POo~P07, P1o~Pl7, P2o~P27, 
P3o, P3i, P33 


loH=-400/.A 


4.7 






V 


VoH " 


High-level output voltage P32 


loH=-10mA 


3.1 






V 


loH=-400;uA 


4.8 






VoH 


High-level output voltage E 


loH=~10mA 


3.4 






V 


loH=-400/.A 


4.8 






Vo. 


Low-level output voltage POo~P07, P1o~Pl7, P2o~P27, 
P3o, P3i, P33, P4o~P47, 
P5o~P57, P6o~P67, P7o~P77, 
P8o~P87 


loL=10mA 






2 


V 


Vol 


Low-level output voltage POo~P07, PIq-^PI?. P2o~P27, 
P3o, P3i, P33 


loL=2mA 






0.45 


V 


Vol 


Low-level output voltage P32 


loL=10mA 






1.9 


V 


loL=2mA 






0.43 


Vol 


Low-level output voltage E ^ 


loL=10mA 






1.6 


V 


loL==2mA 






0.4 


Vt+-Vt- 


Hysteresis HOLD, RDY, TApiN~TA4|N, TB0|n~TB2,n, 

INTo~INT2, ADtrg. CTSo, CTSi, CLKq, CLKi 




0.4 




1 


V 


Vt+-Vt- 


Hysteresis RESET 




0.2 




0. 5 


V 


Vt+-Vt- 


Hysteresis X|n 




0.1 




0.3. 


V 


llH 


High-level input current POo~P07, P1o~Pl7, P2o~P27, 
P3o-^P33, P4o~P47, P5o~P57, 
P6o~P67, P7o~P77, P8o~P87, 


V|=5V 






5 


lufK 


X,N, RESET, CNVss, BYTE 


I.L 


Low-level input current POo~P07, P1o~Pl7, P2o~P27, 
P3o~P33, P4o~P47, P5o~P57, 
P6o~P67, P7o~P77, P8o~P87, 


V|=OV 






-5 


juA 


X|N, RESET, CNVss, BYTE 


Vram 


RAM hold voltage 


When clocl< is stopped. 


2 






V 


Ice 


Power supply current 


In single-chip mode 
output only pin is 
open and other pins 
are Vss during reset. 


f(X|N) = 16MHz, 
square waveform 




12 


24 


mA 


Ta=25°C when clock 
is stopped. 






1 


juA 


Ta=85°C when clock 
is stopped. 






20 



A-D CONVERTER CHARACTERISTICS (Vcc=5V, Vss=OV, t?=25r, f(X,J = 16MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


- 


Resolution 


Vref=Vcc 






8 


Bits 


- 


Absolute accuracy 


Vref=Vcc 






±3 


LSB 


Rladder 


Ladder resistance 


Vref=Vcc 


2 




10 


kn 


tcONV 


Conversidn time 




14.25 






;"S 


Vref 


Reference voltage 




2 




Vcc 


V 


V,A 


Analog input voltage 









Vref 


V 
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MITSUBISHI MICROCOMPUTERS 

IVI37702M2-XXXFP, M37702IVI2AXXXFP 

M37702M2BXXXFP,M37702S1FP 

M37702S1AFP,M37702S1BFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 



M37702M2BXXXFP 

ELECTRICAL CHARACTERISTICS (Vco=5V, «ss=OV, Ta=25"C, f(X,„)=25MHz. unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min. 


Typ. 


Max. 


VoH 


High-level output voltage POo-PO?, P1o~Pl7, P2o~P27, 
P3o, P3i, P33, P4o~P47, 
P5o~P57, P6o~P67, P7o~P77. 
P8o~P87 


loH=-10mA 


3 






V 


VoH 


High-level output voltage POo~P07, P1o~Pl7, P2o~P27. 
P3o, P3i, P33 


loH=-400//A 


4.7 






V 


VoH 


High-level output voltage P32 


loH=-10mA 


3.1 






V 


Ioh=-400a/A 


4.8 






VoH 


High-level output voltage E 


loH=-10mA 


3.4 






V 


Ioh=-400a<A 


4.8 






Vol 


Low-level output voltage POo~P07, P1o~Pl7, P2o~P27, 
P3o, P3i, P33, P4o~P47, 
P5o~P57, P6o~P67, P7o~P77. 
P8o~P87 


loL=10mA 






2 


V 


Vol 


Low-level output voltage POo~P07, P1o~Pl7, P2o~P27, 
P3o, P3i, P33 


loL=2mA 






0.45 


V 


Vol 


Low- level output voltage P32 


loL=10mA 






1.9 


V 


loL=2mA 






0.43 


Vol 


Low-level output voltage E 


loL=10mA 






1.6 


V 


loL=2mA 






0.4 


Vt+-Vt- 


Hysteresis HOLD, RDY, TA0|n~TA4,n, TB0in~TB2,n, 

INTo~INT2, ADtrg, CTSo, CTSi, CLKq, CLKi 




0.4 




1 


V 


Vt+-Vt- 


Hysteresis RESET 




0.2 




0.5 


V 


Vt+-Vt- 


Hysteresis X|n 




0.1 




0.3 


V 


llH 


High-level input current POq—PO?, P1o~Pl7, P2o~P27, 
P3o~P33, P4o~P47, P5o~P57, 
P6o~P67, P7o~P77, P8o~P87, 
XiN, RESET, CNVss, BYTE 


V|=5V 






5 


/.A 


I.L 


Low-level input current POo~P07, P1o~Pl7. P2o~P27, 
P3o~P33, P4o~P47, P5o~P57, 
P6o~P67, P7o~P77, P8o~P87, 
XiN, RESET, CNVss, BYTE 


V|=OV 






-5 


fxA 


Vram 


RAM hold voltage 


When clock is stopped. 


2 






V 


)cc 


Power supply current 


In single-chip mode 
output only pin is 
open and other pins 
are Vss during reset. 


f(XiN)=25MHz, 
square waveform 




19 


38 


mA 


Ta=25°C when clock 
is stopped. 






1 


/u/K 


Ta=85°C when clock 
is stopped. 






20 



A-D CONVERTER CHARACTERISTICS (Vcc=5V, Vss=OV, Ta=25r, f(X,M)=25MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


- 


Resolution 


Vref=Vcg 






8 


Bits 


— 


Absolute accuracy 


Vref=Vcg 


, 




±3 


LSB 


Bladder 


Ladder resistance 


Vref=Vcc 


2 




10 


kn 


tcONV 


Conversion time 




9.12 






JUS 


Vref 


Reference voltage 




2 




Vcc 


V 


V,A 


Analog input voltage 









Vref 


V 
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MITSUBISHI MICROCOMPUTERS 



IVI37702IVI2-XXXFP, M37702M2AXXXFP 

IVI37702M2BXXXFP,M37702S1FP 

M37702S1AFP,M37702S1BFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 



TIMING REQUIREMENTS (Vcc=5V±10%, Vss=OV, Ta=25r, unless otherwise noted) 

External clock input 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. ' 


Max. 


tc 


External clock input cycle time 


125 




62 




40 




ns 


tw(H) 


External clock input high-level pulse width 


50 




25 




15 




ns 


tw(L) 


External clock input low-level pulse width 


50 




25 




15 




ns 


tr 


External clock rise time 




20 




10 




8 


ns 


tf 


External clock fall time 




20 




10 




8 


ns 



Single-chip mode 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tsu(POD— E) 


Port PO input setup time 


200 




100 




60 




ns 


tsu(PiD-E) 


Port P1 input setup time 


200 




100 




60 




ns 


tsU(P2D— E) 


Port P2 input setup time 


200 




100 




60 




ns 


tsU(P3D— E) 


Port P3 input setup time 


200 




100 




,60 




ns 


tsU(P4D— E) 


Port P4 input setup time 


200 




100 




60 




ns 


tsU(P5D— E) 


Port P5 input setup time 


200 




100 




60 




ns 


tsU(P6D— E) 


Port P6 input setup time 


200 




100 


, 


60 




ns 


tsU(P7D— E) 


Port P7 input setup time 


200 




100 




60 




ns 


tsU(P8D— E) 


Port P8 input setup time 


200 




100 




60 




ns 


th(E-POD) 


Port PO input hold time 

















ns 


th(E-P1D) 


Port PI input hold time 

















ns 


th(E-P2D) 


Port P2 Input hold time 

















ns 


th(E-P3D) 


Port P3 input hold time 

















ns 


th(E-P4D) 


Port P4 input hold time 

















ns 


th(E— PSD) 


Port P5 input hold time 

















ns 


th(E-P6D) 


Port P6 input hold time 

















ns 


th(E-P7D) 


Port P7 input hold time ' 

















ns 


th(E-P8D) 


Port P8 input hold time 

















ns 



Memory expansion mode and microprocessor mode 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min, 


Max. 


Min. 


Max. 


tsu(piD— E) 


Port P1 input setup time 


60 




45 




30 




ns 


tsU(P2D— E) 


Port P2 input setup time 


60 




45 




30 




ns 


tsU(RDY— <*i) 


RDY input setup time 


70 




60 




55 




ns 


tsU(HOLD-(4i) 


HOLD input setup time 


70 




60 




55 




ns 


th(E-P1D) 


Port PI input hold time 

















ns 


th(E-P2D) 


Port P2 input hold time 

















ns 


th(^1_RDY) 


RDY input hold time 

















hs 


th(^^_HOLD) 


HOLD input hold time 

















ns 
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MITSUBISHI MICROCOMPUTERS 

M37702M2-XXXFP, M37702M2AXXXFP 

M37702M2BXXXFP.M37702S1FP 

M37702S1AFP,M37702S1BFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 



Timer A input (count input m event counter mode) 


Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TA) 


TAiiN input cycle time 


250 




125 




80 




ns 


tw(TAH) 


TAliN input high-level pulse width 


125 




62 




40 




ns 


tw(TAL) 


TAiiN input low-level pulse width 


125 




62 




40 




ns 


Timer A input (Gating input in timer mode) 


Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TA) 


TAiiN input cycle time 


1000 




500 




320 




ns 


tw(TAH) 


TAiiN input high-level pulse width 


500 




250 




160 




ns 


tw(TAL) 


TAiiN input low-level pulse width 


500 




250 




160 




ns 


Timer A input (External trigger input in one-shot pulse mode) 


Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TA) 


TAiiN input cycle time 


500 




250 




160 




ns 


tw(TAH) 


TAliN input high-level pulse width 


250 




125 




80 




ns 


tw(TAL) 


TAiiN input low-level pulse width 


250 




125 




80 




ns 


Timer A input (External trigger input in pulse width modulation mode) 


Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Miri. 


Max. 


Min. 


Max. 


Min. 


Max. 


tw(TAH) 


TAiiN input high-level pulse width 


250 




125 




80 




ns 


tw(TAL) 


TAiiN input low-level pulse width 


250 




125 




80 




ns 


Timer A input (Up-down input in event counter mode) 


Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(UP) 


TAiouT input cycle time 


5000 




2500 




2000 




ns 


tw(UPH) 


TAiouT input high-level pulse width 


2500 




1250 




1000 




ns 


tw(UPL) 


TAIouT input low-level pulse width 


2500 




1250 




1000 




ns 


tsU(UP-TiN) 


TAiouT input setup time 


1000 




500 




400 




' ns 


th(TiN-UP) 


TAiouT input hold time 


1000 




500 




400 




ns 
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MITSUBISHI MICROCOMPUTERS 

M37702M2-XXXFP,M37702IVI2AXXXFP 

M377O2M2BXXXFP,M37702SlFP 

M37702S1AFP,M37702S1BFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 



Timor B input (count input m event counter mode) 


Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TB) 


TBIiN input cycle time (one edge count) 


250 




125 




80 




ns . 


tw(TBH) 


TBIiN input high-level pulse width (one edge count) 


125 




62 




40 




ns 


tw(TBL) 


TBIiN input low-level pulse width (one edge count) 


125 




62 




40 




ns 


tc(TB) 


TBIiN input cycle time (both edges count) 


500 




250 




160 




ns 


tw(TBH) 


TBIiN input high-level pulse width (both edges count) 


250 




125 




80 




ns 


tw(TBL) 


TBiiN input low-level pulse width (both edges count) 


250 




125 




80 




nis 


Tim©r B input (Pulse period measurement mode) 


Symbol 


Parameter 


Limits 


Unit 


8MHz , 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TB) 


TBiiN input cycle time 


1000 




500 




320 




ns 


tw(TBH) 


TBiiN Input high-level pulse width 


500 




250 




160 




ns 


tw(TBL) ^ 


TBiiN input low-level pulse width 


500 




250 




160 




ns 


Tirn©r B input (Pulse width measurement mode) 


Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TB) 


TBiiN input cycle time 


1000 




500 




320 




ns 


tw(TBH) 


TBiiN input high-level pulse width 


500 




250 




160 




ns 


tw(TBL) 


TBIiN input low-level pulse width 


500 




250 




160 




ns 


A-D trigger input 


Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(AD) 


ADtrg input cycle time (minimum allowable trigger) 


2000 




1000 




1000 




ns 


twCADt.) 


ADtrg input low-level pulse width 


250 




125 




125 




ns 


Seriall/0 


Symbol 


Paranrieter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(CK) 


CLK| input cycle time 


500 




250 




200 




ns 


tw(CKH) 


CLKj input high-level pulse width 


250 




125 




100 




ns 


tw(CKL) 


CLKj input low-level pulse width 


250 




125 




100 




ns 


td(C-Q^ 


TxDj output delay time 




150 




90 




80 


ns 


th(c-Q) 


TxDj hold time 


30 




30 




30 




ns 


tsu(D-C) 


RxDj input setup time 


60 




30 




20 




ns 


th(c-D) 


RxDj Input hold time 


90 




90 




90 




ns 


External ir 






iterrupt INTi input 


Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tw(lNH) 


INTj input high-level pulse width 


250 




250 




250 




ns 


tw(lNL) 


INTJ input low-level pulse width 


250 




' 250 




250 




ns 
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MITSUBISHI MICROCOMPUTERS 

M37702IVI2-XXXFP,IVI37702M2AXXXFP 

M37702M2BXXXFP,M37702S1FP 

M37702S1AFP,M37702S1BFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 



SWITCHING CHARACTERISTICS (Vo 
Single-Chip mode 



=5V+10%, Vss=OV, Ta=25'C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


td(E— POQ) 


Port PO data output delay time 


Fig. 58 




200 




100 




80 


ns 


td(E-P1Q) 


Port P1 data output delay time 




200 




100 




80 


ns 


td(E-P2Q) 


Port P2 data output delay time 




200 




100 




80 


ns 


td(E— P3Q) 


Port P3 data output delay time 




200 




100 




80 


ns 


td(E-P4Q) 


Port P4 data output delay time 




200 




100 




80 


ns 


td(E-P5Q) 


Port P5 data output delay time 




200 




100 




80 


ns 


td(E-P6Q) 


Port P6 data output delay time 




200 




100 




80 


ns 


td(E-P7Q) 


Port P7 data output delay time 




200 




100 




80 


ns 


td(E-P8Q) 


Port P8 data output delay time 




200 




100 




80 


ns 



Memory expansion mode and microprocessor mode 


(when wait bit = " 


1") 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


td(POA-E) 


Port PO address output delay time 


Fig. 58 


100 




30 




12 




ns 


td(E-P1Q) 


Port P1 data output delay time (BYTE="L") 




110 




70 




45 


ns 


tpxZ(E— P1Z). 


Port P1 floating start delay time (BYTE="L") 




5 




5 




5 


ns 


td<P1A— E) 


Port P1 address output delay time 


100 




30 




12 




ns 


td(P1A— ALE) 


Port P1 address output delay time 


80 




24 




5 




ns 


td(E-P2Q) 


Port P2 data output delay time 




110 




70 




45 


ns 


tpXZ(E— P2Z) 


Port P2 floating start delay time 




5 




5 




5 


ns 


td(P2A-E) 


Port P2 address output delay time 


100 




30 




12 




ns 


td(P2A— ALE) 


Port P2 address output delay time 


80 




24 




5 




ns 


*d(<*i — HLDA) 


HLDA output delay time 




100 




50 




50 


ns 


td(ALE-E) 


ALE output delay time 


4 




4 




4 




ns 


tw(ALE) 


ALE pulse width 


90 




35 




22 




ns 


td(BHE-E) 


BHE output delay time 


100 




30 




20 




ns 


td(R/W— E) 


R/W output delay time 


100 




30 




20 




ns 


td(E-<*i) 


^1 output delay time 





30 





20 





18 


nS 


th(E-POA) 


Port PO address hold time 


50 




25 




18 




ns 


th(ALE— P1A) 


Port P1 address hold time (BYTE="L") 


9 




9 




9 




ns 


th(E-P1Q) 


Port P1 data hold time (BYTE="L") 


50 




25 




18 




ns 


tpZX(E— P1Z) 


Port P1 floating release delay time (BYTE="L") 


50 




25 




18 




ns 


th(E-P1A) 


Port P1 address hold time (BYTE="H") 


50 




25 




18 




ns 


th(ALE— P2A) 


Port P2 address hold time 


9 




9 




9 




ns 


th(E-P2Q) 


Port P2 data hold time 


50 




25 




18 




ns 


tpzx(E— P2Z) 


Port P2 floating release delay time j 


50 




25 




18 




ns 


th(E-BHE) 


BHE hold time 


18 




18 




18 




ns 


th(E-R/W) 


R/W hold time 


18 




18 




18 




ns 


tw(EL) 


E pulse width 


220 




95 




50 




ns 
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MITSUBISHI MICROCOMPUTERS 

M37702M2-XXXFP,IVI37702M2AXXXFP 

M37702M2BXXXFP,M37702S1FP 

M37702S1AFP.M37702S1BFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 



Memory expansion mode and microprocessor mode 


(when wait bit = "0", and external memory area 


accessed) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


td(POA— E) 


Port PO address output delay time 


Fig. 58 


100 




30 




12 




ns 


td(E-P1Q) 


Port P1 data output delay time (BYTE="L") 




110 ' 




70 




45 


ns 


tpXZ(E— P1Z) 


Port P1 floating start delay time (BYT€="L") 




5 




5 




5 


ns 


td(P1A-E) 


Port P1 address output delay time 


100 




30 




12 




ns 


td(P1A— ALE) 


Port P1 address output delay time 


80 




24 




5 




ns 


td(E-P2Q) 


Port P2 data output delay time 




110 




70 




,45 


ns 


tpX2(E— P2Z) 


Port P2 floating start delay time 




5 




5 




5 


ns 


td(P2A-E) 


Port P2 address output delay time 


100 




30 




12 




ns 


td(P2A— ALE) 


Port P2 address output delay time 


80 




24 




5 




ns 


td(<*i — HLDA) 


HLDA output delay time 




100' 




50 




50 


ns 


td(ALE-E) 


ALE output delay time 


4 




4 




4 




ns 


tw(ALE) 


ALE pulse width 


90 




35 




22 




ns 


td(BHE-E) 


BHE output delay time 


100 




30 




20 




ns 


td(R/W-E) 


R/W output delay time 


100 




30 




20 




ns 


td(E-«ii) 


^1 output delay time 





30 





, 20 





18 


ns 


th(E-POA) 


Port PO address hold time 


50 




25 




18 




ns 


th(ALE— P1A) 


Port P1 address hold time (BYTE="L") 


9 




9 




9 




ns 


th(E-P1Q) 


Port P1 data hold time (BYTE="L") 


50 




25 




18 




ns 


tpzx(E— P1Z) 


Port P1 floating release delay time (BYTE="L") 


50 




25 




18 




ns 


th(E-PIA) 


Port P1 address hold time (BYTE="H") 


50 




25 




18 




ns 


th(ALE— P2A) 


Port P2 address hold time 


9 




9 




9 




ns 


th(E-P2Q) 


Port P2 data hold time 


,50 




25 




18 




ns 


tpzX(E— P2Z) 


Port P2 floating release delay time 


50 




25 




18 




ns 


th(E-BHE) 


BHE hold time 


18 




18 




18 




ns 


th(E-R/W) 


R/W hold time 


18 




18 




18 




ns 


tw(EL) 


E pulse width 


470 




220 




130 




ns 













PO 






PI 








P2 
P3 






lOOpF 1 








P4 








P5 


jtr 




P6 






P7 






P8 






^1 






E 













Fig. 58 Testing circuit for ports P0~P8, (*, 
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MITSUBISHI MICROCOMPUTERS 

IVI37702M2-XXXFP, M37702M2AXXXFP 

M37702M2BXXXFP,M37702S1FP 

IVI37702S1AFP,M37702S1BFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 



TIMING DIAGRAM 

Single-chip mode 



f(x,„) 



\j\j^u^drii\f\j'\jrLn 



Port PO output 



Port PO input 



Port PI output 



Port P1 input 



' Port P2 output 



Port P2 input 



Port P3 output 



Port P3 input . 



Port P4 output 



Port P4 input 



Port P5 output 



Port P5 input 



Port P6 output 



Port P6 input 



Port P7 output 



Port P7 input 



Port P8 output 



Port P8 input 



\ 



/ 



*-»V th(E-POD) 



tsU(PID-E) 



tsU(P2D-E) 




>: 



tcl(E 



>: 



td{E-P1Q) 



^h(E-PID) 



y. 



td(E 



th(E-P2D) 



tcl(E-P3Q) 



tsU(P6D-E) 



T:^ 




th(E-P3D) 



H tc|(E 



X 



th(E-P4D) 



td(E-P5Q) 



th(E-P5D) 



y. 



td(E-P6Q) 



th(E 



X 



td(E-P7Q) 



th(E-P 



X 



^d(E-P8Q) 



^h(E-P8D) 
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MITSUBISHI MICROCOMPUTERS 

M37702IVI2wXXXFP,M37702M2AXXXFP 

IVI37702M2BXXXFP,IVI37702S1FP 

M37702SlAFP,M377a2SlBFP 

SINGLE-CHIP 16-BiT CMOS MICROCOMPUTER 



TAiiN input 



TAiouT input 



J 



tw(TAH) 



/' ^. 



tc(TA) 



tpCup) 



tw(UPL) 



>' \ 



>^^ 



TAiouT input 
(Up-down input) 



In Event counter mode 



TBiiN input 



TAiiN input 

(When count by falling) 



TAiiN input 

(When count by rising) 



J 



twdBH) 



>: 



/Cri, 



V 



(n) >b 



tw(TBL) 



J 



t V. 



ADtrg input 



tw(ADL) 



^^ I 



tc(AD) 



1 r 



CLKj 



RxDi 



tw(c 



/' y. 



tc(CK) 



>: 



td(c.-Q) 



/: X 



/ 



^U(D-C) 



.th(c-D) 



th(c-Q) 



X 



INTj input 



^v [ 
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MITSUBISHI MICROCOMPUTERS 

IVI37702IVI2-XXXFP, IVI37702M2AXXXFP 

IVI37702IVI2BXXXFP,IVI37702S1FP 

IVI37702S1AFP,M37702S1BFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 



Memory expansion mode and microprocessor mode 

(When wait bit = "1") 



01 



RDY input 



^ v. 



\ 



tsU(RDY-((li) 



-^ ■ ^ 



r- 



/ 



th((*1-RDY) 



(When wait bit ="0") 



RDY input 



\ 



\ 



tsU(RDY-«ii) 



^ ^ 



Y 



th(01-RDY) 

^ ^ 



(When wait bit = "1" or "0" in connnnon) 



tsu(HOLD-0i) 



HOLD input 



HLDA output 



\ 



td(0i-HLDA) 



^. 



^h(0i-HOLD) 



/ 



td(0i-HLDA) 



/ 



Test conditions 
•Vcc = 5V±10% 

• Input timing voltage : V,l = 1 J OV, V|h = 4. OV 

• Output timing voltage : Vql = 0. 8V, Vqh = 2. OV 
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MITSUBISHI MICROCOMPUTERS 

M37702M2-XXXFP, IVI37702M2AXXXFP 

M37702IVI2BXXXFP,M37702S1FP 

M37702S1AFP,IVI377Q2S1BFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 



Memory expansion mode and microprocessor mode (when wait bit="i ") 



f(X,N) 



Port PO output 

(Ao-A?) 

Port P1 output 

(Ae-Ais/Ds-Dis) 
(BYTE="L") 



Port P1 output 

(As-Ais) 
(BYTE="H") 

Port PI input 



Port P2 output 

(Ai6~A23/Do~D7) 

Port P2 input 



Port P32 output 

(ALE) 



Port P3i output 

(BHE) 



Port P3o output 

(R/W) 




Test conditions 
•Vcc=5V±10% 

• Output timing voltage : Vol=0. 8V, Voh=2. OV 

• Port P1 , P2 input : V,u=0. 8V, V,h=2. 5V 

• Port P4i input : V|l=1. OV, V,h=4. OV 
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MITSUBISHI MICROCOMPUTERS 

IVI37702M2-XXXFP, M37702M2AXXXFP 

IVI37702IVI2BXXXFP,M37702S1FP 

M37702S1AFP,M37702S1BFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 



Memory expansion mode and microprocessor mode (When wait bit == "O", and external nnemory area is accessed) 



f(X,N) 



r\AAA7V\AAAjlAAAj 



Port PO output 

(Ao-Ar) 



Port P1 output - 

(Ag-Ais/Ds-Dis) 
(BYTE="L") 



Port P1 output 

(As-Ais) 
(BYTE="H") 



Port P2 output 

(Ai6~A23/Do~D7) 



PorySo output 

(R/W) 



iAhf\i\p}u\j\i\RrL 




Test conditions 

• Vcc=5V±10% 

• Output timing voltage : Vol=0. 8V, Voh=2. OV 

• Ports P1, P2 input : V|l=0. 8V, V,h=2. 5V 

• Port P4, input : V,l=1. OV, Vih=4. OV 
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MITSUBISHI MICROCOMPUTERS 

M37702M4-XXXFP,M37702M4AXXXFP,M377^^ 

M37702S4FP,M37702S4AFP,M37702S4BFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 



DESCRIPTION 

The M37702M4-XXXFP is a single-chip microcomputer de- 
signed with high-performance CMOS silicon gate technolo- 
gy. This is housed in a 80-pin plastic molded QFP. This 
single-chip microcomputer has a large T6M bytes address 
space, three instruction queue buffers, and two data buffers 
for high-speed instruction execution. The CPU is a 16-bit 
parallel processor that can also be switched to perform 8- 
bit parallel processing. This microcomputer is suitable for 
office, business and industrial equipment controller that re- 
quire high-speed processing of large data. 
The differences between M37702M4-XXXFP, M37702M4A 
XXXFP, M37702M4BXXXFP, M37702S4FP, M37702S4AFP 
and M37702S4BFP are the ROM size and the external 
clock input frequency as shown below. Therefore, the fol- 
lowing descriptions will be for the M37702M4-XXXFP un- 
less otherwise noted. 



Type name 


ROM size 


External clock input frequency 


M37702M4-XXXFP 


32 K bytes 


8 MHz 


M37702M4AXXXFP 


32 K bytes 


16MHz 


M37702M4BXXXFP 


32 K bytes 


25MHz 


M37702S4FP 


External 


8 MHz 


M37702S4AFP 


External 


16MHz 


M37702S4BFP 


External 


25MHz 



The M37702M4-XXXFP has the same functions as the 
M37702M2-XXXFP except for the memory size. 



103 

•••32K bytes 
• 2048 bytes 



500ns 



250ns 



FEATURES 

• Number of basic instructions 

• Memory size ROM 

RAM- •••••-• • 

• Instruction execution time 
M37702M4-XXXFP, M37702S4FP 
(The fastest instruction at 8 MHz frequency) •• 
M37702M4AXXXFP, M37702S4AFP 
(The fastest instruction at 16 MHz frequency)- 
M37702M4BXXXFP, M37702S4BFP 

(The fastest instruction at 25 MHz frequency) 160ns 

• Single power supply --- ---- 5V±10% 

• Low power dissipation (at 8 MHz frequency) 
- 30mW(Typ.) 

• Interrupts -• -19 types 7 levels 

• Multiple function 16-bit timer - - 5-|-3 

• UART (may also be synchronous) --• • • 2 

• 8-bit A-D converter --• 8-channel inputs 

• 12-bit watchdog timer 

• Programmable input/output 

(ports PO, PI, P2, P3, P4, P5, P6, P7, P8) • 68 



PIN CONFIGURATION (TOP VIEW) 



rv.|s.|s.h^N.|s.h.. w> CC > O 

iia.Q.Q.D.a.n.><><> 



CO ^ 

I- -• 
o o 



Q Q 



U t M M I MM 




I25l[26|l27]l28ll29|l30jl3lj|32j|33ll34||35jl36|l£]|3^ 

M t t i I t t M n U 



- P84/CTS1/RTS1 

- P85/CLK1 

•^PSg/RxDi 
"PSy/TxDi 
*- POo/Ao 
" PO1/A1 
-► PO2/A2 
>■ PO3/A3 

- PO4/A4 
" PO5/A5 
^ POg/Ae 

► PO7/A7 

>■ Plo/As/Ds 

^Pll/Ag/Dg 

► PI2/A10/D10 
►PI3/A11/D11 

► PI4/A12/D12 

► PI5/A13/D13 

► PI6/A14/D14 
►PI7/A15/D15 

► P2o/Ai6/Do 

► P2i/Ai7/Di 

► P22/A18/D2 

► P23/A19/D3 



-J I- >«^ 



^Q _jE'^ q q q q 

-I <|CQ CC "m"^"^"o 

SP ^ "- CM C\J CM C\J 

°- Q. Q. Dl Q. 



Outline 80P6N 

*: Used in the evaluation cliip mode only 



APPLICATION 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors and personal 
computers 

Control devices for industrial equipment such as ME, NC, 
communication, and measuring instruments 
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MITSUBISHI MICROCOMPUTERS 

M37702M4-XXXFP,M37702M4AXXXFP,M37702M4BXXXFP 
M37702S4FP,M37702S4AFP,M37702S4BFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 



to © >.(g; 
CO (0 






^ >"(§>— 



> ^ 



Uf- 







8 

o 



Data Bus (Even) 



c 



iD l Data Buffer DBh(8) "| C— ^ 
I ^ Data Buffer DBl(8) k H ^ 



^ 



Instruction Queue Buffer Qo(8) 



^ 



Instruction Queue Buffer Qi(8) 



^H 



Instruction Queue Buffer Q2(8) 



Data Bus(Odd) 



I^ Incrementer (24) 



IJ Program Address Register PA(24) k 



Data Address Register DA(24) 



X 



X 



^M 



Incrementer/Decrementer (24) 



Program Counter PC(16)f 



^^ 



Program Bank Register PG(8) 



X 



^1=C 



Data Bank Register DT(8) 



C 



C 



^^ 



m=i 



Input Buffer Register IB(16) 



Processor Status Register PS(11 ) f 



Direct Page Register DPR(16) 



g=c 



stack Pointer S(16) 



< f^ I Index Register Y(16) 
C;^ |_ Index R egister X(16) 



^Ei=z | Accumulator B( 16) K ^ 



Accumulator A' 



(TeTJC 



a 



7^ 

\ 



Arithmetic Logic 
Unit(16) 



:iz: 




A 
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MITSUBISHI MICROCOMPUTERS 

IVI37702M4.XXXFP.M37702IVI4AXXXFP,M37702M4BXXX 

M37702S4FP;M37702S4AFP,M37702S4BFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 



THE FUNCTIONS AND CHARACTERISTICS 

The M37702M4-XXXFP has the same functions and charac- 
teristics as the I\/I37702M2-XXXFP except for the ROM and 
RAM size. Refer to the section on the M37702M2-XXXFP. 
The memory map is shown in Figure 1. • 

ADDRESSING MODES 

The M37702M4-XXXFP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode; 



MACHINE INSTRUCTION LIST 

The M37702M4-XXXFP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction list for details. 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1) M37702M4-XXXFP mask ROM order confirmation form 

(2) 80P6N mark specification form 

(3) ROM data (EPROM 3 sets) 

















Bank 0i6 < 
Bank 1 is < 


' OOOOOO16 

, OOFFFF16 
^ OIOOOO16 

OlFFFFifi 




000000,6 
00007 F16 
OOOO8O16 

\ 00087Fi6 

\ 
\ 

\ ; 
\ 
' \ 
\ 
\ 
\ 
\ 

: \ ' > 
\ OO8OOO16 

V • 

\ 
\ 
\ 

\ ■ 
\ 
\ 
\ 
\ 
\ 
\ 

\ 
OOFFD616 \ 

\ 
OOFFFF16 \ 




000000,6 

V 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
00007Fi6^ 

OOFFD616/ 

/ 
/ 
/ 

/ 
/ 
/ 
/ 
■ / 
/ 
/ 
, / 
/ 

OOFFFE16 


Peripheral devices 
control registers 




Internal RAM 
2048 bytes 






Interrupt vector table 






:: ^ 




A-D conversion 




UART1 transmission 


UART1 receive 


UARTO transmission 


Internal ROM 
32K bytes 


UARTO receive 


Timer B2 


Timer B1 


Timer BO 


Bank FEig < 


( FEOOOO16 




Timer A4 


Timer A3 


Timer A2 


Timer A1 


Timer AO 


INT2 


y . -. . . . ,o 


INT1 


Bank FFi6 < 


( FFOOOO16 
, FFFFFF16 


, . 


INTo 


Watchdog timer 


DBC 


BRK instruction 


Zero divide 


RESET 



















Fig. 1 Memory map 
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MITSUBISHI MICROCOMPUTERS 



IVI37703M2-XXXSP,IVI37703M2AXXXSP,IVI37703M2BXXXSP 
M37703S1SP,M37703S1ASP,M37703S1BSP 



SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 



DESCRIPTION 

The M37703M2-XXXSP is single-chip microcomputer de- 
signed with high-performance CMOS silicon gate technolo- 
gy. This is housed in a 64-pin shrink plastic molded DIP. 
This single-chip microcomputer has a large 16M bytes 
address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The CPU 
is a 16-blt parallel processor that can also be switched to 
perform 8-bit parallel processing. This microcomputer is 
suitable for office, business and industrial equipment con- 
troller that require high-speed processing of large data. 
The differences between M37703M2-XXXSP, M37703M2A 
XXXSP, M37703M2BXXXSP, M37703S1SP, M37703S1ASP 
and M37703S1BSP are the ROM size and the external 
clock input frequency as shown below. Therefore, the fol- 
lowing descriptions wijl be for the M37703M2-XXXSP un- 
less otherwise noted. 



Type name 


ROM size 


External clock input frequency 


M37703M2-XXXSP 


16K bytes. 


8 MHz 


M37703M2AXXXSP 


16K bytes 


16MHz 


M37703M2BXXXSP 


16K bytes 


25MHz 


M37703S1SP 


External 


8 MHz 


M37703S1ASP 


Extemal 


16MHz 


M37703S1BSP 


External 


25MHz 



The M37703M2-XXXSP cuts down the pins of M37702M2- 
XXXFP. Refer to the section on M37702M2-XXXFP for the 
functional differences. 

FEATURES 

• Number of basic instructions • 103 

• Memory size ROM •• ••16K bytes 

RAM 512 bytes 

• Instruction execution time 
M37703M2-XXXSP, M37703S1SP 

(The fastest instruction at 8 MHz frequency) 500ns 

M37703M2AXXXSP, M37703S1ASP 

(The fastest instruction at 16 MHz frequency)---- 250ns 

M37703M2BXXXSP, M37703S1BSP 

(The fastest instruction at 25 MHz frequency) 160ns 

• Single power supply •5V±10% 

• Low power dissipation (at 8 MHz frequency) 

• --- - 30mW(Typ.) 

• Interrupts 19 types 7 levels 

• Multiple function 16-bit timer- 5+3 

• UART (may also be synchronous) 2 

• 8-bit A-D converter 4-channel inputs 

• 12-bit watchdog timer 

• Programmable input/output 

(ports PO, PI, P2, P3, P4, P5, P6, P7, P8) •-•••53 



PIN CONFIGURATION (TOP VIEW) 


AVcc E 


^ 


El Vcc 


Vref-U 




U^PSo/CTSo/RTSo 


AVss H 




il*>P8i/CLKo 


P77/AN7/ADTRG**Li 




6i]**P82/RxDo 


P72/AN2**[I 




60]^P83/TxDo 


P7i/ANi**|T 




59|**P86/RxDi 


P7o/ANo^[I 


S ^ S 


il-^P87/TxDi 


P65/TB0,N--E 


CO CO CO 

■Nj ->J *vj 

^ -^ ^ 


57l**POo/Ao 


PBVINTs^lI 
P63/INTi**[]0 


03M2-XX: 

or 
03M2AXX 

or 
03M2BXX 


ll**POi/Ai 
i|*-P02/A2 


'P62/INTo**[li 


ig^POs/Aa 


P57/TA3,N**|l2 


53]^P04/A4 


P56/TA3ouT^CI 


X X ^ 

(/) CO ^ 


l^^POs/As 


P55/TA2,N**[II 


-D Tl ^ 


lO^^POe/Ae 


P54/TA2ouT ^ H 




il^P07/A7 


P53/TA1,N**[ll 




H^^PIo/Ag/Ds 


P52/TA1ouT**[lZ 




U^^PIl/Ag/Dg 


P5i/TA0iN*^ni 




47l-^pi2/Aio/Dio 


P5o/TAOouT ** d 




46]**Pl3/Aii/Dii 


P47/DBC**^|20 


S S S 

CO CO CO 


45]**Pl4/Ai2/Di2 


P42/9ii**[2T 


^ ^ ^ 
^ ^ -vj 


3^Pl5/Ai3/Di3 


P4i/RDY-«-[22 


S o S 5 § 


43]^Pl6/Ai4/Di4 


P4o/HOLD**|i 


CO CO CO 


42]**P17/Ai5/Di5 


BYTE -* H 


ro > CO 

CO CO TJ 


4l]^P2o/Ai6/Do 


CNVss H 


-0 -0 


40l-H.-P2i/Ai7/Di 


RESET ->11 




iI**P22/Ai8/D2 


X,N-*[27 




il^P23/Ai9/D3 


XoUT^H 




37l^P24/A2o/D4 


I*-! 




11*H-P25/A2i/D5 


Vss H 




il**P26/A22/D6 


P32/ALE ** [li 




34l*H-P27/A23/D7 


P3i/BHE*>[1 




33]**P3o/R/W 





utiine 64P^ 


4B 


*: Used in the evaluation chip mode only 



APPLICATION 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as ME, NC, 
communication, and measuring instruments 
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MITSUBISHI MICROCOMPUTERS 

M37703M2-XXXSP,M377031VI2AXXXSP,M37703M2BXXXSP 
M37703S1SP,M37703S1ASP,IVI37703S1BSP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 



^ "^ t 

W <D >■ 
3 Ti CO 






3^^^ 



< 
CC 
(5 
< 
Q ^ 

^ I 

O 5 

-J 2 

Q- I 

X 8 "" 

X o 

I 

CM 

o -^ ? 

h*« o 

CO o 



0^- 



Data Bus(Even) 




^ Data Buffer DBh(8) 



^ Data Buffer DBl(8) [ < ^ ""^ 



Instruction Queue Buffer Qo(8) 



Instruction Queue Buffer Qi(8) 



Instruction Queue Buffer Q2(8) 






Data Bus(Odd) 



^ 



3 
3 



C: 



^ 



Incrementer (24) 



Zj Program Address Register PA(24) k 



( ^ j Data Address Register DA(24) 



X 



X 



-vj Incrementer/Decrementer (24)C 



<] [Program Counter PC(16)| ^ 

^ I p^^g^.g^ gg^^i^ Register PG(8)| 



C 



Address Bus 






^ 



CD 

CVJ 

m 


E 
1- 




CD 

h- 




CD 

O 
DQ 

1- 

O 

E 

i- 







^ 

t 



::> 






^ 



« 



O 



=^ 



— *© 









^il 



•e-Hg) 

<-^ [(go; 



--§li 



j-j*-^ 



I =1 



O 






=^ 






^1 



c=$ 






-^-*Ol f f; 






' T^ ■ 



« 



^^® ■Si 



.^--Jgl 
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MITSUBISHI MICROCOMPUTERS 

M37703M2-XXXSP,M37703M2AXXXSP,M37703M2BXXXSP 
M37703S1SP,M37703S1ASP,M37703S1BSP 



SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 



FUNCTIONS OF M37703M2-XXXSP 


Parameter 


Functions 


Number of basic instructions 


103 


Instruction execution time 


M37703M2-XXXSP, M37703S1SP 


500ns (the fastest instructions, at 8MHz frequency) 


M37703M2AXXXSP, M37703S1ASP 


250ns (the fastest instructions, at 16MHz frequency) 


M37703M2BXXXSP, M37703S1BSP 


160ns (the fastest instructions, at 25MHz frequency) 


Memory size 


ROM 


16K bytes 


RAM 


512 bytes 


Input/Output ports 


PO, P1, P2, P5 


8 -bitX 4 


P8 


6 -bItX 1 


P4, P6, P7 


4 -bitX 3 


P3 


3 -bItX 1 


Multi -function timers 


TAO, TA1.TA2, TA3, TA4 


16-bitX 5 (4 Input/Output functions) 


TBO, TB1,TB2 


16.bitX3(1 Input function) 


Serial I/O 


UARTX2(0ne can be set clock synchronous serial I/O.) 


A-D converter 


8-bitX1 (4 channels) 


Watchdog timer 


12-bitX 1 


Interrupts 


3 external types, 16 internal types 

(Each interrupt can be set the priority levels to ~ 7 .) 


Clock generating circuit 


Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 


Supply voltage 


5V±10% 


Power dissipation 


30mW(at external 8 MHz frequency) 


Input/Output characteristic 


Input/Output voltage 


5V 


Output current 


5 mA 


Memory expansion 


Maximum 16M bytes 


Operating temperature range 


-20~85°C 


Device structure 


CMOS high-performance silicon gate process 


Package 


64-pin shrink plastic molded DIP 
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PIN DESCRIPTION 



Pin 


Name 


Input/Output 


Functions 


Vcc. 
Vss 


Power supply 




Supply 5 V± 10% to Vcc and V to Vss. 


CNVss 


CNVss input 


Input 


This pin controls the processor mode. Connect to Vss for single-chip mode, and to Vcc for external ROM 
types. 




Reset input 


Input 


To enter the reset state, this pin must be kept at a "L" condition should be maintained for the required 
time. 


RESET 


X,N 


Clock input 


Input 


These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween X|N and XouT- When an external clock is used, the clock source should be connected to the Xin pin 
and the Xqut pin should be left open. 


XoUT 


Clocl< output 


Output 


E 


Enable output 


Output 


Data or instruction read and data write are performed when output from this pin is "L". 


BYTE 


Bus width selection Input 


Input 


In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when "L" signal inputs and 8 bits when "H" signal inputs. 


AVcc. 
AVss 


Analog supply input 




Power supply for the A-D converter. Connect AVcc to Vcc and AVss to Vss externally. 


Vref 


Reference voltage input 


Input 


This is reference voltage input pin for the A-D converter. 


POo-POr 


I/O port PO 


I/O 


In sirigle-chip mod0, port PO becomes an 8-bit I/O port. An I/O directional register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
Acldress(A7~Ao) is output in memory expansion mode or microprocessor mode. 


P1o~Pl7 


I/O port P1 


I/O 


In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to "L" in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(Di5~D8)is input or output when E output is "L" and an address (Ai5~A8) is output when E output is "H". 
If the BYTE pin is "H" that is an external data bus is 8-bit width, only address(Ai5~A8)is output. 


P2o~P27 


I/O port P2 


I/O 


In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~Do) is input or output when E output is "L" and an address(A23~Ai6)is 
output when E output is "H". 


PSo'-Paz 


I/O port P3 


I/O 


In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, and ALE signals are output. 


P4o~P42, 

P47 


I/O port P4 


I/O 


In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P4o and P4i become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion inode, port P42 can be programed 
for </>-i output pin divided the clock to X|n pin by 2. In microprocessor mode, P42 always has the function as 
(^, output pin. 


P5o~P57 


I/O port P5 


I/O 


In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer AO, timer A1 , timer A2, and timer A3. 


P62~P65 


I/O port P6 


I/O 


In addition to having the same functions as port PO in single-chip mode, these pins also function as external 
interrupt input INTo, INT1, and INT2 pins, and input pins for timer BO. 


P7o~P72, 

P77 


I/O port P7 


I/O 


In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANo~AN2 and AN7 input pins. P77 also has an A-D conversion trigger input function. 


P8o~P83. 
P86, P87 


I/O port P8 


I/O 

■ 


In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 
TxD, CLK, CtS/RTS pins for UART 0, and as RxD, TxD pins for UART 1. 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 



BASIC FUNCTION BLOCKS 

The functional differences between the M7703M2-XXXSP 
and M37702M2-XXXFP are described below. The 
M37703M2-XXXSP has the same functions as the 
M37702M2-XXXFP, except these points. Refer to the sec- 
tion on the M37702M2-XXXFP. 

A-D CONVERTER 

Analog signals are input through four channels, ANq, ANi, 
AN2 and AN7. In one-shot mode and repeat mode, select 
one on ANq, ANi, ANg, and AN7 as analog input by the ana- 
log input selection bits (bits 2, 1 and 0) of A-D control reg- 
ister. Set the bits of the directional registers for ports cor- 
responding to analog input channels AN3, AN4, AN5 and 
ANe not having pins to "1" (output mode) and output "0" to 
the ports. 

In the single sweep mode and repeat sweep mode, the 
M37703M2-XXXSP operates the same as the M37702M2- 
XXXFP. Set the directional register bits of ports corres- 
ponding to ANO, AN1, AN2, and AN7 to "0" (input mode), 
and the bits of the directional registers for ports corres- 
ponding to AN3, AN4, AN5 and ANe not having pins to "1" 
(output mode), and output "0" to the ports. In the single 
sweep mode and repeat sweep mode, the contents of A-D 
register bits corresponding to analog input channels AN3, 
AN4, AN5, and ANe not having pins are undefined. 

TIMER 

Since timer A4 has no input/output function and timer B1, 
B2 have no input function, timers A4, B1 and 82 operate 
only in timer mode. Therefore, only clock source can be 
selected by the bits 7 and 6 of timer mode register for 
each of timers A4, B1 and B2. The bits of timer mode regis- 
ter must be "0" except for the clock source selection bits. 
Other timers AO, A1, A2, A3 and BO have the same func- 
tions as the M37702M2-XXXFP. 



SERIAL I/O 

UART1 has only the asynchronous serial communication 
function and no clock synchronous serial communication 
function. Therefore, do not select the clock synchronous se- 
rial communication function ("001") by the serial com- 
munication method selection bits (bits 2, 1 and 0) of UART1 
transmit/receive mode register. Since UART1 does not 
have the functions of CTS and RTS, the CTS and RTS 
selection bit (bit 2) of UART1 transmit/receive control reg- 
ister must always be "1". UARTO has the same function as 
the M37702M2-XXXFP. 



INPUT/OUTPUT PINS 

The port registers and directional registers for ports P4, P6, 
P7 and PS have eigtht bits, the directional register bits hav- 
ing no pins must always be set to the output mode. Since 
port P33 is not available as a pin although it has port regis- 
ter and directional register, port P33 must be set to the out- 
put mode. 

ADDRESSING MODES 

The M37703M2-XXXSP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 

MACHINE INSTRUCTION LIST 

The M37703M2-XXXSP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction, list for details. 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1 ) M37703M2-XXXSP mask ROM order confirmation form 

(2) 64P4B mark specification form 

(3) ROM data(EPROM 3sets) 



Table 1. The functional differences between the M37703M2-XXXSP and M37702M2-XXXFP 



Parameter 


M37703M2-XXXSP 


M37702M2-XXXFP 


Input/Output ports 












(with HLDA) 




(without HLDA) 


Timer 






only timer mode 16-bitX 1 








only timer mode 16-bitX 2 




Serial I/O 


(DART or clock synchronous serial l/0)X 1 
UARTX 1 


(UART or clock synchronous serial l/0)X 2 


A-D converter 


8 -bitX 1 ( 4 channels) 


8 -bitX 1(8 channels) 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 



ABSOLUTE MAXIMUM RATINGS 


Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0.3-7 


V 


AVcc 


Analog supply voltage 




-0.3-7 


V 


Vi 


Input voltage RESET, CNVss. BYTE 




-0.3—12 


V 


V, 


Input voltage POo-POy, P1o~Pl7. P2o~P27, P3o~P32, 
P4o~P42, P47, P5o~P57, P62~P65. 
P7o~P72, P77, P8o~P83, P86, P87, Vref, X,n 




-0. 3- Vcc+0, 3 


V 


Vo 


Output voltage POo~P07, P1o~Pl7, P2o~P27, P3o~P32, 
P4o~P42, P47, P5o~P57, P62~P65, 
P7o~P72, P77, P8o~P83, P86, P87, Xqut, E 




-0. 3~Vcc+0. 3 


V 


Pd 


Power dissipation 


Ta=25°C 


lOOQ 


nnW 


Topr 


Operating temperature 




-20—85 


°C 


Tstg 


Storage temperature 




-40—150 


°C 



RECOMV 


i/IENDED OPERATING CONDITIONS (Vcc=5v±io%.Ta 


= -20— 85°C, unless otherwise noted) 


Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


Vcc 


Supply voltage 


4.5 


5.0 


5.5 


V 


AVcc 


Analog supply voltage 




Vcc 




V 


Vss 


Supply voltage 









V 


AVss 


Analog supply voltage 









V 


V,H 


High-level input voltage POo~P07, P3o~P32, P4o^P42, P47, P5o~P57. 
P62~P65, P7o~P72, P77, P8o~P83, 


0. 8Vcc 




Vcc 


V 


P86, P87, X|N, RESET, CNVss, BYTE 


V,H 


High-level input voltage P1o~Pl7, P2o~P27 

(in single-chip mode) 


0. 8Vcc 




Vcc 


V 


V,H 


High-level input voltage P1o~Pl7. P2o~P27 (in memory expansion 

mode and microprocessor mode) 


0.5Vcc 




Vcc 


V 


V,L 


Low-level input voltage POo^PO?, P3o~P32, P4o~P42, P47, P5o~P57, 
P62~P65, P7o~P72, P77, P8o~P83, P86, P87, 
X|N, RESET, CNVss, BYTE 







0. 2Vcc 


V 


V|L 


Low-level input voltage P1o~Pl7, P2o~P27 

(in single-chip mode) 







0. 2Vcc 


V 


V,L 


Low-level input voltage P1o'^P1 7, P2o~P27 (in memory expansion 

mode and microprocessor mode) 







o.ievcc 


V 


'oH(peak) 


High-level peak output current P0o~P07, P1o~Pl7, P2o~P27, P3o~P32, 
P4o~P42, P47, P5o~P57, P62~P65, 
P7o~P72, P77, P8o~P83, PSe, P87 






-10 


mA 


loH(avg) 


High-level average output current POo~P07, P1o~Pl7, P2o~P27, P3o~P32, 
P4o~P42, P47, P5o~P57; P62~P65. 
P7o~P72, P77, P8o~P83, PSe, P87 






, -5 


mA 


loL(peak) 


Low-level peak output current POo~P07, P1o~Pl7- P2o~P27, P3o~P32, 
P4o~P42, P47, P5o~P57, P62~P66, 
P7o~P72, P77, P8o~P83, PSe, P87 






10 


mA 


loL(avg) 


Low-level average output current POo~P07, P1o~Pl7, P2o~P27, P3o~P32, 
P4o~P42, P47, P5o~P57, P62~P65, 
P7o~P72, P77, PSo-PSa, P8e, P87 






5 


mA 


f(X,N) 


External clock frequency input 


M37703M2-XXXSP, M37703S1SP 






8 


MHz 


M37703M2AXXXSP, M37703S1 ASP 






16 


M37703M2BXXXSP, M37703S1ASP 






25 



Note 1 . Average output current Is the average value of a 100ms interval. 

2 . The sum of loL(peak) ^or ports PC, P1, P2, P3 and PS must be 80mA or less, 
the sum of loH(peak) for ports PC, PI, P2, PS and PS must be 80mA or less, 
the sum of loL(peak) for Ports P4, P5, P6 and P7 must be 80mA or less, and 
the sum of loH( peak) for ports P4, P5, P6 and P7 must be 80mA or less. 
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M37703M2-XXXSP 

ELECTRICAL CHARACTERISTICS (Voo=5V, Vss=OV, Ta=25'C, f(X,N)=8MHz, unless otherwise noted) 



Symbol 


Parameter 




...,„ 


Limits 


Unit 




Min. 


Typ. 


Max. 


VoH 


High-level output voltage POo—POy, P1o~Pl7, P2o~P27, 
P3o, P3i, P4o~P42. P47, 
P5o~P57, P62~P65, P7o~P72, 
P77, P8o~P83, P86, P87 


loH=— 10mA 


3 






V 


VOH 


High-level output voltage POo~P07, P1o~Pl7, P2o~P27, 
P3o, P3i 


loH=-400;c/A 


4.7 






V 


VoH 


High-level output voltage P32 


loH=-10mA 


3.1 






V 


loH=-400//A 


4.8 






VoH 


High-level output voltage E 


loH=-10mA 


3.4 






V 


loH=-400//A 


4.8 






Vol 


Low-level output voltage POo~P07, P1o~Pl7, P2o~P27, 
P3o, P3i, P4o~P42, P47, 
P5o~P57, P62~P65, P7o~P72. 
P77, P8o~P83. P86, P87 


loL=10mA 






2 


V 


Vol 


Low-level output voltage POo~P07, P1o~Pl7, P2o~P27, 
P3o. P3i 


loL=='2mA 






0.45 


V 


Vol 


Low-level output voltage P32 


loL=10mA 






1.9 


V 


loL=2mA 






0.43 


Vol 


Low-level output voltage E 


loL=10mA 






1.6 


V 


loL=2mA 






0.4 


Vt+-Vt- 


Hysteresis HOLD, RDY, TA0in~TA3,n, TBOin, 
INTo~INT2, ADtrg, CTSo, CLKq 




0.4 




1 


V 


Vt+-Vt- 


Hysteresis RESET 




0.2 




0.5 


V 


Vt+-Vt- 


Hysteresis X|n 




0.1 




0.3 


V 


llH 


High-level input current POo~P07, P1o~Pl7, P2o~P27, 
P3o~P32, P4o~P42, P47, 
P5o~P57, P62~P65, P7o~P72, 
P77, P8o~P83, P86. P87, 
X|N, RESET, CNVss, BYTE 


V|=5V 






5 


^A 


I.L 


Low-level input current POo~P07, P1o~Pl7, P2o~P27, 
P3o~P32, P4o~P42, P47, 
P5o~P57, P62~P65, P7o~P72, 
P77, P8o~P83, P86, P87, 
X|N, RESET, CNVss, BYTE 


V|=OV 






-5 


/ufK 


Vram 


RAM hold voltage 


When clock is stopped. 


2 






V 


Ice 


Power supply current 


In single-chip mode 
output only pin is 
open and other pins 
are Vss during reset. 


f(X|N)=8MHz, 
square waveform 




6 


12 


mA 


Ta=25°C when clock 
is stopped. 


' 




1 


fu/K 


Ta-85°C when clock 
is stopped. 






20 



A-D CONVERTER CHARACTERISTICS (Vcc=5V, Vss=OV, Ta=25r. f(X|N)=8MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


- 


Resolution 


Vref=Vcc 






8 


Bits 


- 


Absolute accuracy 


Vref=Vcc 






±3 


LSB 


Rladder 


Ladder resistance^ 


Vref=Vcc 


2 




10 


kO 


tcONV 


Conversion time 




28.5 






A^S 


Vref 


Reference voltage 




2 




Vcc 


V 


V,A 


Analog input voltage 









Vref 


V 
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M37703M2AXXXSP 

ELECTRICAL CHARACTERISTICS (Vco=5v, Vs 



;=0V, Ta=25°C, f(X,N)=16MHz, unless otherwise noted) 



Symbol 


Parameter 


. 




Limits 


Unit 




Min. 


Typ. 


Max. 


VoH 


High-level output voltage POq-POz, P1o~Pl7, P2o~P27, 
P3o, P3i, P4o~P42, P47, 
P5o~P57, P62~P65. P7o~P72, 
P77, P8o~P83, P86, P87 


loH=-10mA 


3 , 






V 


VpH 


High-level output voltage POo-PO?, P1o~Pl7, P2o~P27, 
P3o, P3i 


\oH==-AOO/uA 


4.7 






V 


VoH 


High-level output voltage PSz 


loH=-10mA 


3.1 






V 


loH=-400yt^A 


4.8 






VoH 


High-level output voltage 1 


loH=-10mA 


3.4 






V 


loH=-400;uA 


4.8 






Vol 


Low-level output voltage POo~P07, P1o~Pl7, P2o~P27, 
P3o, P3i, P4o~P42, P47, 
P5o~P57, P62~P65, P7o~P72, 
P77, P8o~P83, P86, P87 


loL=10mA 


' 


' 


2 


V 


Vol 


Low-level output voltage POo~P07, P1o~Pl7, P2o~P27, 
P3o, P3i 


loL=2mA 






0.45 


y 


Vol 


Low-level output voltage P32 


loL=10mA 






' 1.9 


V 


loL=2mA 






0.43 


Vol 


Low-level output voltage E 


loL=10mA 






1.6 


V 


loL=2mA 






0.4 


Vt+-Vt- 


Hysteresis HOLD, RDY, TA0in~TA3,n, TBOin, 
INTo~INT2, ADtrg, CTSo, CLKq 




0.4 




1 


V 


Vt+-Vt- 


Hysteresis RESET 




0.2 




0.5 


V 


Vt+-Vt- 


Hysteresis Xin 




0.1 




0.3 


V 


l|H 


High-level input current POo~P07, P1o~Pl7. P2o~P27, 
P3o~P32, P4o-P42, P47, 
P5o~P57. P62~P65, P7o~P72, 
P77, P8o~P83, P86, P87, 
Xin, reset, CNVss, BYTE 


V|=5V 






5 


juA 


IlL 


LoW-level input current POo~P07, P1o~Pl7> P2o~P27, 
P3o~P32, P4o~P42. P47, 
P5o~P57, P62~P65, P7o~P72, 
P77, P8o~P83, P86, P87. 
X,N, RESET, CNVsg, BYTE 


V|=OV 






-5 


mA ' 


Vram 


RAM hold voltage 


When clock is stopped. 


2 






V 


Ice 


Power supply current 


In single-chip mode 
output only pin is 
open and other pins 
are Vss during reset. 


f(XiN)=16MHz, 
square waveform 




12 


24 


mA 


ta=25°C when clock 
is stopped. 






1 


juA 


Ta=85''C when clock 
is stopped. 






20 



A-D CONVERTER CHARACTERISTICS (Vgc=5V, Vss=OV, Ta=25°C, f(X,N)=16IVIHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


- 


Resolution 


Vref=Vcc 






8 


Bits 


- 


Absolute accuracy 


Vref=Vcc 






±3 


LSB 


RLADDEFf 


Ladder resistance 


VREF=Vce 


2 




10 


kn 


tcONV 


Conversion time 




14.25 






JUS 


Vref 


Reference voltage 




2 




Vcc 


V 


V,A 


Analog input voltage 









Vref 


V 
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ELECTRICAL CHARACTERISTICS (Vco=5V, Vss=OV, Ta=25'C, f(X,M)=25MHz, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min. 


Typ. 


Max. 


VoH 


High-level output voltage POo~P07, P1o~Pl7, P2o~P27, 
P3o, P3i, P4o~P42, P47, 
P5o~P57. P62~P65, P7o~P72, 
P77, P8o~P83, P86, P87 


loH=-10mA 


3 






V 


VoH 


High-level output voltage POo~P07, P1o~Pl7. P2o~P27, 
P3o, P3i 


loH=-400/.A 


4.7 






V 


VoH 


High-level output voltage P32 


loH=-10mA 


3.1 






V 


loH=-400/iA 


4.8 






VoH 


High-level output voltage E 


loH=-10mA 


3.4 






V 


ioH=-400/iA 


4.8 






Vol 


Low-level output voltage POo~P07, P1o~Pl7, P2o~P27, 
P3o, P3i, P4o~P42. P47, 
P5o~P57, P62~P65, P7o~P72, 
P77, P8o~P83. P86, P87 


loL=10mA 






2 


V 


Vol 


Low-level output voltage POo^PO?, P1o~Pl7, P2o~P27, 
P3o, P3i 


loL=2mA 






0.45 


V 


Vol 


Low-level output voltage P32 


loL=10mA 






1.9 


V 


loL=2mA 






0.43 


Vol 


Low-level output voltage E 


loL=10mA 






1.6 


V 


loL=2mA 






0.4 


Vt+-Vt- 


Hysteresis HOLD, RDY, TA0|n~TA3,n, TBOin, 
INTo~INT2, ADtrg, CTSo, CLKq 




0.4 




1 


V 


Vt+-Vt- 


Hysteresis RESET 




0.2 




0.5 


V 


Vt+-Vt- 


Hysteresis Xin 




0.1 




0.3 


V 


I.H 


High-level input current POo~P07, P1o~Pl7, P2o~P27, 
P3o~P32, P4o~P42, P47, 
P5o~P57, P62~P65, P7o~P72, 
P77, P8o~P83, P86, P87, 
X|N, RESET, CNVss, BYTE 


V,=5V 






5 


/.A 


I.L 


Low-level input current POo~P07, P1o~Pl7, P2o~P27, 
P3o~P32. P4o~P42, P47, 
P5o~P57, P62~P65, P7o~P72, 
P77, P8o~P83, P86, P87, 
X|N, RESET, CNVss. BYTE 


V|=OV 






—5 


/.A 


VraM 


RAM hold voltage 


When clock is stopped. 


2 






V 


Ice 


Power supply current 


In single-chip mode 
output only pin is 
open and other pins 
are Vss during reset. 


f(XiN)=25MHz, 
square waveform 




19 


38 


mA 


Ta=25t When clock 
is stopped. 






1 


/.A 


Ta=85°C when clock 
is stopped. 






20 



A-D CONVERTER CHARACTERISTICS (Vcc=5V, Vss=OV, Ta=25r, f(X,N)=25MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


- 


Resolution 


Vref=Vcc 






8 


Bits 


- 


Absolute accuracy 


Vref=Vcc 






±3 


LSB 


Rladder 


Ladder resistance 


Vref=Vcc 


2 




10 


kn 


tcONV 


Conversion time 




9.12 






JUS 


VreF 


Reference voltage 




2 




Vcc 


V 


V,A 


Analog input voltage 


' 







Vref 


V 
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MITSUBISHI MICROCOMPUTERS 

M37703M2-XXXSP,IVI37703IVI2AXXXSP^^ 

IVI37703S1SP,IVI37703S1ASP,IVI37703S1BSP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 



TIMING REQUIREMENTS (Vcc=5V±10%, Vss=OV, Ta=25°C, unless otherwise noted) 

External clock input 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc 


External clock input cycle time 


125 




62 




40 




ns 


tw(H) 


External clock input high-level pulse width 


50 




25 




15 




nis 


tw(L) 


External clock input low-level pulse width 


50 




25 




15 




ns 


tr 


External clock rise time 




20 




10 




8 


ns 


tf 


External clock fall time 




20 




10 




8 


ns 


Single-Chip mode 


Symbol 


Parameter 


Limits 


Unit , 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tsu(POD— E) 


Port PO input setup time 


200 




100 




60 




ns 


tsu(piD— E) 


Port P1 input setup time 


200 




100 




60 




ns 


tsU(P2D— E) 


Port P2, input setup time 


200 




100 




60 




ns 


tsU(P3D— E) 


Port P3 input setup time 


200 




100 




60 




ns 


tsU(P4D-E) 


Port P4 input setup time 


200 




100 




60 




ns 


tsU(P5D— E) 


Port P5 input setup time 


200 




100 




60 




ns 


tsu(P6D-E) 


Port P6 input setup time 


200 




100 




60 




ns 


tsU(P7D— E) 


Port P7 input setup time 


200 




100 




60 




ns 


tsU(P8D— E) 


Port Po put setup time 


200 




100 




60 




ns 


th(E-POD) 


Port PO input hold time 

















ns 


th(E-PID) 


Port PI input hold time 

















ns 


th(E-P2D) 


Port P2 input hold time 

















ns 


th(E-P3D) 


Port P3 input hold time 

















ns 


th(E-P4D) 


Port P4 input hold time 

















ns 


th(E-P5D) 


Port P5 input hold time 

















ns 


th(E-P6D) 


Port P6 input hold time 







Q 









ns 


th(E— P7D) 


Port P7 input hold time 

















ns 


th(E-P8D) 


Port P8 input hold time 

















ns 


Memory expansion mode and microprocessor mode 


Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tsu(PiD— E) 


Port P1 input setup time 


60 




45 




30 




ns 


tsu(P2D— E) 


Port P2 input setup time 


60 




45 




30 




ns 


tsU(RDY— 0i) 


RDY input setup time 


70 




60 




55 




ns 


tsU(HOLD-«Si) 


HOLD input setup time 


70 




60 




55 




ns 


th(E-P1D) 


Port P1 input hold time 

















ns 


th(E-P2D) 


Port P2 input hold time 

















ns 


th(<*i— RDY) 


RDY input hold time 

















ns 


th(«*i — HOLD) 


HOLD input hold time 

















ns 
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MITSUBISHI MICROCOMPUTERS 

IVI37703M2-XXXSP,M37703M2AXXXSP,M37703M2BXXXSP 
IVI37703S1SP,M37703S1ASP,M37703S1BSP 



SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 



TinflGf A input (count input in event counter mode) 


Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TA) 


TAiiN input cycle time 


250 




125 




80 




ns 


tw(TAH) 


TAiiN input high-level pulse width 


125 




62 




40 




ns 


tw(TAL) 


TAiiN input low-level pulse width 


125 




62 




40 




ns 



TimGr A input (Gating input in timer mode) 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TA) 


TAiiN input cycle time 


1000 




500 




320 




ns 


tw(TAH) 


TAliN input high-level pulse width 


500 




250 




160 




ns 


tw(TAL) 


TAiiN input low-level pulse width 


500 




250 




160 




ns 



Tim©r A input (External trigger input in one-shot pulse mode) 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TA) 


TAliN input cycle time 


500 




250 




160 




ns 


tw(TAH) 


TAiiN input high-level pulse width 


250 




125 




80 




ns 


tw(TAL) 


TAiiN input low-level pulse width 


250 




125 




80 




ns 



Tirn©r A input (External trigger input in pulse width modulation mode) 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tw(TAH) 


TAliN input high-level pulse width 


250 




125 




80 




ns 


tw(TAL) 


TAiiN input low-level pulse width 


250 




125 




80 




ns 



Tim©r A input (up-down input in event counter mode) 



Symbol 


Parameter 


Limits 


Unit 


.8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(up) 


TAiouT input cycle time 


5000 




2500 




2000 




ns 


tw(UPH) 


TAiouT input high-level pulse width 


2500 




1250 




1000 




ns 


tw(UPL) 


TAiouT input low-level pulse width 


2500 




1250 




1000 




ns 


tsU(UP-TiN) 


TAiouT input setup time 


1000 




500 




400 




ns 


th(T,N-UP) 


TAiouT input hold time 


1000 




500 




400 




ns 
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M37703M2-XXXSP,M37703M2AXXXSP,M37703IVI2BXXXSP 
M37703S1SP,M37703S1ASP,M37703S1BSP 



SINGLE-CHIP i6-BIT CMOS MICROCOMPUTER 



Tirn©r B input (count input m event counter mode) 


Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TB) 


TBOiN input cycle time (one edge count) 


250 




125 




80 




ns 


tw(TBH) 


TBOiN input high-level pulse width (one edge count) 


125 




62 




40 




ns 


tw(TBU) 


TBOiN input low-level pulse width (one edge count) 


125 




62 




40 




ns 


tc(TB) 


TBOiN input cycle time (both edges count) 


500 




250 




160 




ns 


tw(TBH) 


TBOiN input high-level pulse width (both edges count) 


250 




125 




80 




ns 


tw(TBL) 


TBOiN input low-level pulse width (both edges count) 


250 




125 




80 




ns 



TiniGr B input (Pulse period measurement mode) 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TB) 


TBOiN input cycle time 


1000 




500 




320 




ns 


tw(TBH) 


TBOiN input high-level pulse width 


500 




250 




160 




ns 


tw(TBL) 


TBOjN input low-level pulse width 


500 




250 




160 




ns 



Tinri©r B input (Pulse width measurement mode) 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


, tc(TB) 


TBOiN input cycle time 


1000 




500 




320 




ns 


tw(TBH) 


TBOiN input high-level pulse width 


500 




250 




160 




ns 


tw(TBL) 


TBOiN input low-level pulse width 


500 




250 




160 




ns 



A-D trigger input 



Symbol 



tc(AD) 



ADtrg input cycle time (minimum allowable trigger) 



2000 



1000 



1000 



tw(ADL) 



ADtrg input low-level pulse width 



250 



125 



125 



Serial I/O 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(CK) 


CLKo input cycle time 


500 




250 




200 




ns 


tw.(CKH) 


CLKo input high-level pulse width 


250 




125 




100 




ns 


tw(CKL) 


CLKo input Ipw-level pulse width 


250 




125 




100 




ns 


td(c-Q) 


TxDo output delay time 




150 




90 




80 


ns 


th(c-Q) 


TxDo hold time 


30 




30 




30 




ns 


tsU(D— C) 


RxDo input setup time 


60 




30 




20 




ns 


th(c-D) 


RxDo input hold time 


90 




90 




90 




ns 



External interrupt INTf input 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tw(lNH) 


INTj input high-level pulse width 


250 




250 




250 




ns 


tw(lNL) 


INTj input low-level pulse width 


250 




250 




250 




ns 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 



SWITCHING CHARACTERISTICS (Vcc=5v±io% Vss=ov la 
Single-chip mode 


=25°C, un 


less otherwise noted) 








Symbol 


Parameter 


Test conditions 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


td(E— POQ) 


Port PO data output delay time 


Fig. 1 




200 




100 




80 


ns 


td(E-P1Q) 


Port P1 data output delay time 




200 




100 




80 


ns 


td(E-P2Q) 


Port P2 data output delay time 




200 




100 




80 


ns 


td(E-P3Q) 


Port P3 data output delay time 




200 




100 




80 


ns 


td(E— P4Q) 


Port P4 data output delay time 




200 




100 




80 


ns 


td(E-P5Q) 


Port P5 data oUtput delay time 


. 


200 




100 




80 


ns 


td(E-P6Q) 


Port P6 data output delay time 




200 




100 




80 


ns 


td(E— P7Q) 


Port P7 data output delay time 




200 




100 




80 


ns 


td(E-P8Q) 


Port P8 data output delay time 




200 




100 




80 


ns 



Memory expansion mode and microprocessor mode (when wait bit = 


1") 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


8MHz 


16MHz 


25MH1 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


td(POA— E) 


Port PO address output delay time 


Fig. 1 


100 




30 




12 




ns 


td(E-P1Q) 


Port P1 data output delay time (BYTE="L") 




110 




70 




45 


ns 


tpXZ(E— PIZ) 


Port P1 floating start delay time (BYTE="L") 




5 




5 




5 


ns 


td(P1A-E) 


Port P1 address output delay time 


100 


" 


30 




12 




ns 


td(P1A— ALE) 


Port P1 address output delay time 


80 




24 




5 




ns 


td(E— P2Q) 


Port P2 data output delay time 




110 




70 




45 


ns 


tpXZ(E— P2Z) 


Port P2 floating start delay time 




5 




5 




5 


ns 


td(P2A-E) 


Port P2 address output delay time 


100 




30 




12 




ns 


td(P2A— ALE) 


Port P2 address output delay time 


80 




24 




5 




ns 


td(ALE-E) 


ALE output delay time 


4 




4 




4 




ns 


W(ALE) 


ALE pulse width 


90 




35 




22 




ns 


td(BHE— E) 


BHE output delay time 


100 




30 




20 




ns 


td(R/W— E) 


R/W output delay time 


100 




30 




20 




ns 


td(E-0i) 


^1 output delay time 





30 





20 





18 


ns 


th(E— PGA) 


Port PO address hold time 


50 




25 




18 




ns 


thCALE— P1A) 


Port P1 address hold time (BYTE="L") 


9 




9 




9 




ns 


th(E-P1Q) 


Port P1 data hold time (BYTE="L") 


50 




25 




18 




ns 


tpzX(E— P1Z) 


Port P1 floating release delay time (BYTE="L") 


50 




25 




18 




ns 


th(E— P1A) 


Port PI address hold time (BYTE="H") 


50 




25 




18 




ns 


th(ALE— P2A) 


Port P2 address hold time 


9 




9 




9 




ns 


th(E— P2Q) 


Port P2 data hold time 


50 




25 




18 




ns 


tpzX(E— P2Z) 


Port P2 floating release delay time 


50 




25 




18 




ns 


th(E-BHE) 


BHE hold time 


18 




18 




18 




ns 


th(E— R/W) 


R/W hold time 


18 




18 




18 




ns 


tw(EL) 


E pulse width 


220 




95 




50 




ns 
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MITSUBISHI MICROCOMPUTERS 

M37703M2>XXXSP,M37703IVI2AXXXSP,M37703IVI2BXXXSP 
M37703S1SP,M37703S1ASP,IVI37703S1BSP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 



Memory expansion mode and microprocessor mode 


(when wait bit = " 


0", and external mennory area 


accesse 


i) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max: 


Min. 


Max. 


Min. 


Max. 


tdCPOA— E) 


Port PO address output delay time 


Fig. 1 


100 




30 




12 




ns 


td(E-P1Q) 


Port P1 data output delay time (BYTE="L") 




110 




70 




45 


ns 


tpXZ(E— P1Z) 


Port P1 floating start delay time (BYTE="L") 




5 




5 




5 


ns 


td(PIA-E) 


Port P1 address output delay time 


100 




30 


• 


12 




ns 


td(P1A— ALE) 


Port P1 address output delay time 


80 




24 




5 




ns 


td(E— P2Q) 


Port P2 data output delay time 




110 




70 




45 


ns 


tpXZ(E— P2Z) 


Port P2 floating start delay time 




5 




5 


• 


5 


ns 


td(P2A— E) 


Port P2 address output delay time 


100 




30 




12 




ns 


td(P2A— ALE) 


Port P2 address output delay time 


,80 




24 




5 




ns 


td(ALE-E) 


ALE output delay time 


4 




4 




4 




ns 


tw(ALE) 


ALE pulse width 


90 




35 




22 




ns 


td(BHE— E) 


BHE output delay time 


100 




30 




20 




ns 


td(R/W-E) 


R/W output delay time 


100 




30 




20 




ns 


td(E-«6i) 


^1 output delay time 





30 





20 





18 


ns 


th(E-POA) 


Port PO address hold time 


50 




25 




18 




ns 


th(ALE— P1A) 


Port P1 address hold time (BYTE="L") 


9 




9 




9 




ns 


th(E-PIQ) 


Port P1 data hold time (BYTE="L") 


50 




25 




18 




ns 


tpzX(E— P1Z) 


Port P1 floating release delay time (BYTE="L") 


50 




25 




18 




ns 


th(E-PIA) 


Port P1 address hold time (BYTE="H") 


50 




25 




18 




ns 


th(ALE— P2A) 


Port P2 address hold time 


9 




9 




9 




ns 


th(E-P2Q) 


Port P2 data hold time "^ 


50 




25 




18 




ns 


tpZX(E— P2Z) 


Port P2 floating release delay time 


50 




25 




18 




ns 


th(E-BHE) 


BHE hold time 


18 




18 




18 




ns 


th(E— R/W) 


R/W hold time 


18 




18 




18 




ns 


tw(EL) 


E pulse width 


470 




220 




130 




ns 







f o 




PC 

P1 






P2 
P3 


lOOpF 




P4 






P5 


/// 




P6 






P7 






P8 






<t>^ 






E 









Fig. 1 Testing circuit for ports P0~P8, (6, 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 



TIMING DIAGRAM 

Single-Chip mode 



f(X,N) 



Port PO output 



Port PO input 



Port PI output 



Port P1 input 



Port P2 output 



Port P2 Input 



Port P3 output 



Port P3 input 



Port P4 output 



Port P4 input 



Port P5 output 



Port P5 input 



Port P6 output 



Port P6 input 



Port P7 output 



Port P7 input 



Port P8 output 



Port P8 input 



He ^— * 



vrj'MAjuru^j^jxn 



\ 



f 



tsU(POD-E) 



^th(E 



^U(PID-E) 



tsuCP2D 






tsU(P3D-E) 



tw(H 




>: 



td(E- 



'A 



^d(E-PIQ) 



.«-»V ^h(E-PlD) 






X 



td(E-P3Q) 



x: 



tsU(P4D-E) 



-^ tcj({ 

x: 



tsU(P5D-E) 



/ 



tsU(P6D-E 



/ 



th(E 



th(E-P4D) 



^<^ th(E-P! 



X 



td(E-P6Q) 



^h(E-P6D) 



>: 



td(E-P7Q) 



th(E 



I 



X 



td(E-Pi 
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M37703IVI2<XXXSP,M37703M2AXXXSP,M37703IVI2BXXXSP 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 



TAiiN input 



TAiouT input 




TAiouT input 
(Up-down input) 



In Event counter mode 



TBOiN input 



TAiiN input 

(When count by tailing) 



TAi,N input 

(When count by rising) 



J 



tw(TBH) 



>: 



J th(T|N-U 



UP) 

< » 



V 



tsu(UP-TiiM) ^ 



Tc(TB) 



tw(TBL) 



J 



\ 



ADtrg input 





tc(AD) 




tw(ADL) 1 






■<■ 3* 






N 





'^_/ 



CLKo 



TxDo 



RxDo 



INTj input 



J 



tw(CKH) 



tw(CKL) 



td(c-Q) 



X 



/'^~\ 



I 



tsu(D-d) 



th(c-D) 



th(c-Q) 



X 



tw(lNL) 



^K_J 
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, SINGLE-CHIP X6-BIT CMOS MICROCOMPUTER 

Memory expansion mode and microprocessor mode 

(When wait bit = "1") 



RDY input 



^^^ V 



\ 



tsu(R 



^ rs- 



f 



th((«i-RDY) 



-e 3»- 



( When wait bit = "0") 



RDY input 



\ 



\ 



tsU(RDY-(4i) 



■^ ^ 



r 



th((*i-RDY) 



-^ ^ 



(When wait bit = "1" or "0" in common) 



tSU(HOLD-(*i) 



HOLD input 



\ 



th(?ii-HOLD) 



/ 



Test conditions 
•Vcc=5V±10% 
• Input timing voltage : V,l=1 . OV, V,h=4. OV 
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MITSUBISHI MICROCOMPUTERS 

M37703M2-XXXSP,IVI37703M2AXXXSP,M377 

M37703S1SP,M37703S1ASP,IVI37703S1BSP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

Memory expansion mode and microprocessor mode (When wait bit="l") 



tw(L: 



f(X,N) 



<t>^ 



tw(H) 




vrvruru 



Port PO output 

(Ao-Az) 

Port PI output 

(A8~A,5/D8~Di5)' 

(BYTE="L") 



X 



th(ALE-PIA) 



Address 



^d(PIA-ALE) 



Port PI output 

(A8~Ai5) 

(BYTE="H") 
Port PI input 



X 



''h(ALE-P2A) 



Port P2 output 

(Ai6~A23/Do~D7) " 

Port P2 input 



): 



td(P2A-ALE) 

— — - — M 



Port P32 output 

(ALE) 



Port P3i output 

(BHE) 



Port P3o output 

(R/W) 



tw(ALE) 



td(BHE-E) 



td(R/W-E) 



tw<EL) 



^ 



th(E-POA) 



Address 



th(E-PIQ) 



{ Data 



td(E-PIQ) 

th(E-PIA) 



Data 



td(E-P2Q) 



>: 



K 



>: 



td(POA-E) 



,td(P1A-E) 



th(E-P2Q) 



>: 



Address 



td(P2A-E) 



th(E-BHE) 



th(E-R/W) 



J~\ 



Address 



> 



tpxZ(E 



Address 



tsU(PID-E) 



}f 



tpXZ(E-P2Z) 



-^ tcl(A 



/ 



X 



tpzX(E-PIZ) 



<: 



Address 



X 



th(E-P1D) 



M tpz 



Address 



X 



Test conditions 

•Vcc=5V±10% 

• Output timing voltage : Vol=0. 8V, Voh=2. OV 

• Ports PI ,P2 input : V|l=0. 8V, V,h=2. 5V 

• Port P4i input : V|l=1. OV, V,h=4.0V 
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MITSUBISHI MICROCOMPUTERS 

M37703M2-XXXSP,M37703M2AXXXSP,M37703M2BXXXSP 
M37703S1SP,M37703S1ASP,M37703S1BSP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 



Memory expansion mode and microprocessor mode (When wait bit = "0", and external memory area is accessed) 



Port PO output 

(Ao'-Ay) 

Port P1 output 

(Ab-Ais/Ds-Dis) 
(BYTE="L") 



X 



th(ALE-PIA) 



J 



tw(EL) 



th(E-POA) 



Address 



td(PIA-ALE) 



Port P1 output ■ 

(As-Ais) 
(BYTE="H") - 



X 



Port PI input 



Port P2 output "■"" 

(Aie-Aaa/Do-Dr) 



I 



th(E-PIQ) 



Data 



td(E-PIQ) 

th(E-P1A) 



th(ALE-P2A) 14^ th(E-P2Q) 

/ Address )l 



td(P2A-ALE) 



Port P2 input 



tw(ALE) 



Port P32 output 

(ALE) 



A 



td(BHE-E) 

t< > 



Port P 3i output 
(BHE) 



td(R/W-E) 



PortJ^So output 

(R/W) 



1 



Data 



td(E-P20) 



td(E-<>i) 



K 



>i 



>; 



td(POA-E) 



>; 



tpxZ(E-PIZ) 



td(PIA-E) 



tsU(PID-E) 



^ — >ttpXZ(E-P2Z) 



A 



■&— tdlALE-E) 



th(E- 



I 



e^ th(E- 



J 



td(P2A-E) 



/ 



X 



tpzx(E-PIZ) 



k: 



Address 



X 

-^t 

1 



th(E-PID) 



tsU(P2D-E) 

< >K > |th(E-P2D) 



1 



tpZX(E-P2Z) 



<: 



X 



Test conditions 
•Vcc=5V±10% 

• Output timing voltage : Vol=0. 8V, Voh=2. OV 

• Ports PI, P2 input : V|l=0. 8V; V|h=2. 5V 

• Port P4i input : Vil=1. OV, V|h=4. OV 
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MITSUBISHI MICROCOMPUTERS 

M37703M4-XXXSP,M37703M4AXXXSP,M37703M4BXXXSP 
M37703S4SP,M37703S4ASP,M37703S4BSP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 



DESCRIPTION 

The M37703M4-XXXSP is a single-chip microcomputer de- 
signed with high-performance CIVIOS silicon gate technolo- 
gy. This is housed in a 64-pin shrink plastic molded DIP. 
This single-chip microcomputer has a large 16M bytes 
address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The CPU 
is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. This microcomputer is 
suitable for office, business and industrial equipment con- 
troller that require high-speed processing of large data. 
The differences between M37703M4-XXXSP, M37703M4A 
XXXSP, M37703M4BXXXSP, M37703S4SP, M37703S4ASP 
and M37703S4BSP are the ROM size and the external 
clock input frequency as shown below. Therefore, the fol- 
lowing descriptions will be for the M37703M4-XXXSP un- 
less otherwise noted. 



Type name 


ROM size 


External clock input frequency 


M37703M4-XXXSP 


32K bytes 


8 MHz 


M37703M4AXXXSP 


32K bytes 


16MHz 


M37703M4BXXXSP 


32K bytes 


25MHz 


M37703S4SP 


External 


8 MHz 


IVI37703S4ASP 


External 


16MHz 


M37703S4BSP 


External 


25MHz 



The M37703M4-XXXSP has the same functions as the 
M37703M2-XXXSP except for the memory size. 

FEATURES 

• Number of basic instructions 103 

• Mempry size ROM • ••32K bytes 

RAM--- - 2048 bytes 

• Instruction execution time 
M37703M4-XXXSP, M37703S4SP 

(The fastest instruction at 8 MHz frequency) •••••• 500ns 

M37703M4AXXXSP, M37703S4ASP 

(The fastest instruction at 16 MHz frequency) •••-•• 250ns 

M37703M4BXXXSP, M37703S4BSP 

(The fastest instruction at 25 MHz frequency) 160ns 

• Single power supply— •• 5V±10% 

• Low power dissipation (at 8 MHz frequency) 

----•V - •••• ---30mW(Typ.) 

• Interrupts 19 types 7 levels 

• Multiple function 16-bit timer --••-- -• 5+3 

• DART (may also be synchronous) -• • 2 

• 8-bit A-D converter 4-channel inputs 

• 12-bit watchdog timer 

• Programmable input/output 

(ports PO, PI, P2, P3, P4, P5, P6, P7, P8)-- • • - - 53 



PIN CONFIGURATION (TOP VIEW) 


AVcc K 




^ 




ill Vcc 


Vref-^E 








63] ^ P80/CTS0/RTS0 


AVss E 








il*^P8i/CLKo 


P77/AN7/ADTRG**Li 








HI ^ P82/RXD0 


P72/AN2**|I 








60] ^ P83/TXD0 


P7i/ANi-^*IT 








U ^ P86/RXD1 


P7o/ANo^[I 


CO 


CO 


CO 


il ^ P87/TXD1 


P65/TB0,N-M-[T 


^ 
^ 




-J 


57] ** POo/Ao 


P64/INT2^[l 


o 

CO 


8 


O 
CO 


il^POi/Ai 


P63/INTi**|To 


1? 


Is 


s 

^ 


il^P02/A2 


P62/INTo**|II 


CD 
X 


> 

X 
X 
X 


V 


m1^P03/A3 


PSr/TASiN^m 
P56/TA3ouT**El 


X 
X 

C/) 


53] ^ PO4/A4 

il** PO5/A5 


P55/TA2,N**[l4 


"0 


■D 


m^^POe/Ae 


P54/TA2ouT**[ll 








U ^ PO7/A7 


P53/TA1,N--[I6 








49l*>P1o/A8/D8 


P52/TA1ouT**IIZ 








H^PIl/Ag/Dg 


P5i/TA0|N**[I1 








47]^Pl2/Aio/Dio 


P5o/TAOouT**IIl 


^ 


S 


^ 


1-^P13/A,,/Dii 


P47/DBC*^li 


CO 


CO 


CO 


11<M-Pl4/Ai2/Di2 


P42/^1**|1I 


So 


■>4 
O o 


o 


44|**P15/Ai3/Di3 


P4i/RDY^|22 


CO ^ 




CO 
(0 


431**P16/Ai4/Di4 


P4o/HOLD**[1 


DO 


> 


4^ 

(f) 


3^P17/Ai5/Di5 


BYTE — [24 


(/J 

TJ 


"0 


■n 


4l]**P2o/Ai6/Do 


CNVss H 








'^^P2,/A,j/Dr 


RESET -*|26 








1-P22/A,8/D2 


x.N-Hz 








38] ^ P23/A19/D3 


XoUT^H 








37J ** P24/A20/D4 


1^1 








1-P25/A21/D5 


Vss H 








35] ^ P26/A22/D6 


P32/ALE^[3i 






34] ^ P27/A23/D7 


P3i/BHE*^[i 






D ^ P3o/R/W 





utiine 64PA 


^B 


*: Used in the evaluation chip mode only 



APPLICATION 

Control devices for office equipment sucli as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as ME, NC, 
communication, and measuring instruments 

THE FUNCTIONS AND CHARACTERISTICS 

The l\/l37703iVI4-XXXSP has the same functions and charac- 
teristics as the l\/l377Q3iVI2-XXXSP except for the ROIVt and 
RAM size. Refer to the section on the M37703M2-XXXSP. 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for masl< orders. 

(1 ) M37703M4-XXXSP mask ROM order confirmation form 

(2) 64P4B mark specification form 

(3) ROM data (EPROM 3 sets) 
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MITSUBISHI MICROCOMPUTERS 

M37703IVI4.XXXSP,M37703M4AXXXSP,IVI37703IVI4BXXXSP 
M37703S4SP,M37703S4ASP,M37703S4BSP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 






I 



< 
a: 
o 

< 



O 5 

-I ? 

Q. I 

X ^ 
X 8 ■ 

X o 



mr-^ 



CO ^ J 



Data Bus(Even) 



l! ^ Data Buffer DBh(8) 



:::CK] 



I ^ Data Buffer DBl(8) 






Instruction Queue Buffer Qo(8) 



C^ 



Instruction Queue Buffer 



^^ 



Instruction Queue Buffer Q2(8) 






Data Bus(Odd) 



2j> 



2 



Address Bus 



l[)j Incrementer (24) 



< r j Program Address Register PA(24)k 

< ^ j Data Address Register DA(24) k 



X 



(|~7 ^Program Counter PC (16)} 



^ 



Incrementer/Decrementer (24) 



H 



Program Bank Register PG(8) 



i^ 



Data Bank Register DT(8) 



X 



<^ 



^m: 



Input Buffer Register IB(16) 



^i=l 



ZJ Processor status Register PS(n) 
I Direct Page Register DPR(16) 



Stack Pointer S( 16) 



^i 



Index Register Y(16) 







^^ 



^; 



^ 



- I Index Register X( 16) |<^ \ 



Accumulator B(16) 



^^ 



Accumulator A(16) 



i 



E 






2 CO 



E> 



Arithmetic Logic 



iz. 



^ 



I - 

QC CO 



;(^= 



■^^^A 
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'\p^ 
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«— »K@ 
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;=^ 



:<J::* 



*-^ 



oo -«-*Kg)' 






3 -"^^^ 









.J 
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I 
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-"-^ I 
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MITSUBISHI MICROCOMPUTERS 

M37720S 1 FP , M37720S1 AFP 



16-BIT CMOS MICROCOMPUTER 



DESCRIPTION 

The M37720S1FP and M37720S1AFP are 16-bit micro- 
computers designed with high-performance CiVIOS silicon 
gate technology. These are housed in a 100-pin plastic 
molded QFP. 

These microcomputers have a large 16M bytes address 
space, three instruction queue buffers, and two data buffers 
for high-speed instruction execution. They also incorporate 
a 4-channer DMA controller and a DRAM controller which 
has a refresh function. The CPU Is a 16-bit parallel proces- 
sor that can also be switched to perform 8-bit parallel pro- 
cessing. These microcomputers are suitable for office, 
business, and industrial equipment controller that require 
high-speed processing of large data. 
The differences between M37720S1FP and M37720S1AFP 
is the external clock input frequency as shown below. 
Therefore, the following descriptions will be for the 
M37720S1 FP unless otherwise noted. 



Type 


ROM size 


External clock input frequency 


M37720S1 FP 


External ' 


8 MHz 


M37720S1AFP 


External 


16MHz 



FEATURES 

• Number of basic instructions 103 

• Memorysize RAM- '512 bytes 

ROM- --External 

• Instruction execution time 
M37720S1FP 

(The fastest instruction at 8MHz frequency) 

••• - • 500ns 

M37720S1AFP 

(The fastest instruction at 16MHz frequency) 
-•- "-• ----- ••-- 250ns 

• Single power supply------- - •-• • 5V±10% 

• Low power dissipation (at 8MHz frequency) 

-- ••- -- •--45mW(Typ.) 

• Interrupts -'-----• ----- • 23 types, 7 levels 

• Multiple function 16-bit timer ---------- - ---^--••-•- 5+3 

• UART (may also be synchronous) --- • 2 

• 8-bit A-D converter ----- • 8-channel inputs 

• DMA controller •-•4-channel 

• DRAM controller 

• 4-bit real-time output •• - • 2-channel 

• Watchdog timer 

• Programmable input/output 

(ports P4, P5, P6, P7, P8, P9, P10) • - • 53 

APPLICATION 

Copiers, printers, typewriters, facsimiles, optical disk units, 
hard disk drives, telecommunications equipment such as 
mobile radio and ISDN terminal units, and office automation 
(OA) equipment including personal computers. 



PIN CONFIGURATION (TOP VIEW) 


1 [? ^ 


o X a. 


<<<<<<<< (^ ^ o ^OtrHO'Oo: 


NhTKNNNKN W> tt> O 00 00 00 00 00 CO 00 


Ql Q. Q. Q. Ql a. CL Q. > <> <> Q. a. Q. a. Q. Q. a. 




n n n n i t n u n 






|lOO|gg|98|g7||g6|g5|g4|g3||92|9l|90|89B88|87|86|85|84|83|82|8l| 




P67/RTPI3 *-> E 

P66/RTP12**II 
P65/RTP1i^g 
P64/RTP1o**Il 
PBa/RTPOa^E 

P62/RTPO2 **ti: 

P61/RTPO1 ** [I 
P6o/RTP0o-^[i 
P5r/TB1,N^[i 





80]^P87/TxDi , 


i ** PVDMftACKO 


1 ^ P9i/DMAREQ0 


ZZl ** P92/DMAACK1 


1 ^ P9VDMAREQ1 


1 ^ P94/DMftACK2 


73 ^ P95/DMAREQ2 


1 ^ P96/DMftACK3 


1 ** P97/DMAREQ3 


P56/TB0,N**i 




E -^ Ao/MAo 


P55/TA4,N--in 


2 2 

CO CO 


E -* A1/MA1 


P54/TA4ouT^lil 


H — A2/MA2 


P53/TA3|N*-lil 


il -* A3/MA3 


P52/TA3ouT**E 


10 "^ 


Izl -^ A4/MA4 


P5i/TA2|N**E1 


i -^ A5/MA5 


P5o/TA2ouT--Ii 


?2 ^ 


i — Ae/MAfi 


PIOz/MAg^lil 


> -n 


il — A7/MA7 


PlOe/MAfi ^ d 


^ ^ 


1 ** Ag/Ds 


PIOs/RAS**! 


1 ^ A9/D9 


PIOVCAS^io 




63 ** A10/D10 


PlOa/JC ^ H 




M^ku/Du 


P102/lNl2^i 




i**Ai2/Di2 


P10i/INIi^Ii 




l^Ai3/Di3 


PIOfl/jNTo^ii 




5Zl**Ai4/Di4 


P47/DBC*^i 




i*-Ai5/Di5 


P46/VPA*^1 




i^Ai6/Do 


P45/VDA***! 


/^ 


il ^ A17/D1 


P44/QCL***g 


( ) 


i ^ A18/D2 


P43/MX* *> i 


V_/ 


i**Ai9/D3 


01-^11 




i ** A20/D4 




|31|32|33|34||35|36|37|38||39|40|41|42||43|44|45|46|47|48|49|50| 






1 1 1 1 i 1 1 1 1 1 i 1 i 11 n 1 




oc 




Outline 100P6S 


*: Used in the evaluation chip mode only 
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^ 


OQ 
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(0 

o 

CM 

s 



^ Data Buffer DBh(8) | (^ 




(|li;: ( Data Buffer DB|.(8) | CL5 



Instruction Queue Buffer Qo(8) I 



Instruction Queue Buffer Qi(8) 



Instruction Queue Buffer Q2(8) I 



^ 



-1/ 



Data Bus (Even) 



Data Bus (Odd) 



5 



Incrementer (24) 



^^j [Program Address Register PA(24)l 

[ I Data Address Register DA(24) 




Incrementer/Decrementer (24) I 



Program Counter PC(16) 



Program Bank Register PG(8) 



Data banl< register DT(8) 



&: 



input Buffer Register IB(16) 




'Processor Status Register PS( 1 l)|f 



Direct Page Register DPR(16) 



Stack Pointer S( 16) 
Index Register Y( 16) 
Index Register X( 16) 

Accumulator B(16) 



Accumulator A(16) 



3J 



\ V 7 

\ Arithmetic Logic / 
\ Unit (16) / 



Address Bus 
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MITSUBISHI MICROCOMPUTERS 

IVI37720S1FP,IVI37720S1APP 



16-BIT CMOS MICROCOMPUTER 



FUNCTIONS OF M37720S1FP 


Parameter 


Functions 


Number of basic instructions! 


103 


Instruction execution time 


M37720S1FP 


500ns (the fastest instructions, at 8MHz frequency) 


M37720S1AFP 


250ns (the fastest instructions, at 16MHz frequency) 


Memory size 


RAM 


512 bytes 


ROM 


External 


Input/Output ports 


P5~P10 


8-bitX& 


P4 


5 -bitX 1 


Multi-function timers 


TAO, TA1 , TA2, TA3, TA4 


16-bitX5 


TBO, TB1,TB2 


16-.bitX3 


Serial I/O 


(UART or clock synchronous serial I/O) X2 


A-D converter 


8-bitX f ( 8 channels) 


Watchdog timer 


12-bitX 1 


DMA controller 


4 channels 

Maximum transfer rate : 8M bytes/second 


DRAM controller 


"CAS before RAS refresh" system 
8 -bit refresh timer incorporated 


Real-time output 


4 bitX2 channels 


Interrupts 


3 external types, 20 internal types 

(Each interrupt can be set the priority levels to ~ 7 .) 


Clock generating circuit 


Built-in (externally connected to a ceramic resonator or quartz crystal 
resonator) 


Supply voltage 


5V±10% 


Power dissipation ' 


45mW(at external 8 MHz frequency) 


Input/Output characteristic 


Input/Output voltage 


5 V 


Output current 


5 mA . 


Memory expansion 


Maximum 16M bytes 


Operating temperature range 


-20~85°C 


Device structure 


CMOS high-performance silicon gate process 


Package 


100-pin plastic molded QFP 
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16-BIT CMOS MICROCOMPUTER 



PIN DESCRIPTION (1) 



Pin 


Name 


Input/Output 


Functions 


Vcc. Vss 


Power supply 




Supply 5 V±l 0% to Vcc and V to Vss- 


CNVss 


CNVss input 


Input 


Connect to Vss or Vcc- 




Reset input 


Input 


To enter the reset state, this pin must be kept at a "L" condition should be maintained for the required 
time. 


RESET 




Reset output 


Output 




RESETout 


This pin outputs the response of reset input. When input to RESET pin is "L", this pin outputs "L". And out- 
put from this pin returns "H" after the release of reset. When the software reset bit is set to "1", this pin out- 
puts "L". 


X,N 


Clock input 


Input 


This Is an input pin for internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween X|N and XouT- When an external clock is used, the clock source should be connected to the Xin pin 
and the Xqut pin should be left open. 


XoUT 


Clock output 


Output 


This is an output pin for internal clock generating circuit. When a resonator is used, the resonator should be 
connected between this pin and the X|n pin. 


E 


Enable output 


Output 


Data or instruction read and data write are performed when output from this pin is "L". 


BYTE 


Bus width selection input 


Input 


This pin determines whether the external data bus is 8-bit width or 16-bit width. The width is 16 bits when 
"L" signal inputs and 8 bits when "H" signal inputs. 


STO, ST1 


Status signal output 


Output 


The bus use status output is generated in 2-bit code. ST1 STO 

Refresh 
Hold 1 
DMA 1 
CPU 1 1 


AVcc, 
AVss 


Analog supply input 




Power supply for the A-D converter. Connect AVcc to Vcc and AVss to Vss externally. 


Vref 


Reference voltage input 


Input 


This is reference voltage input pin for the A-D converter. 


R/W, BHE, 
ALE, BLE 


Memory control signal 
output 


Output 


These pins are for R/W, BHE, ALE, and BLE output pins. 


f1 


Clock 01 output 


Output 


This is the ^1 output pin which is divided the clock to X|n pin by 2. 


HOLD 


HOLD input 


Input 


This is an input pin for the HOLD request signal. 


RDY 


RDY input 


Input 


This is an input pin for the RDY signal. 


Ao/MAo~ 
A7/MA7 


Address 
low-order/ 
DRAM address 


Output 


These are output pins for the 8 low-order bits of addresses. When the DRAM is to be accessed, the row 
and column addresses are generated by means of time division multiplexing. 


As/Ds- 
A15/D15 


Address 
medium-order/ 
data high-order 


I/O 


In cases where an external data bus width of 16 bits is used with the BYTE pin set to the "L" (Low) level, 
the high-order data (Di5~D8) input/output is effected at the "L" E output level, and the address output 
(Ai5~A8) is generated at the "H" (High) E output level. In cases where an external data bus width of 8 bits 
is used with the BYTE pin set to the "H" level, only the address (Ai5~A8) output is generated. 


Ai6/Do~ 
A23/D7 


Address high-order/ 
data low-order 


I/O 


When the E output is "L", the low-order data (D7~Do) input/output is effected. When the E output is "H", 
the address output (A23~Ai6) is generated. 


P43~P47 


I/O port P4 


I/O 


Port P4 is an 5-bit I/O port. As it has an I/O directional register, it is possible to perform programming to 
determine whether each bit serves as an input pin or an output pin. 


P5o~P57 


I/O port P5 


I/O 


Port P5 is an 8-bit I/O port. It has basically the same functions as port P4. In addition, these pins also func- 
tion as I/O pins for timer A2, timer A3 and timer A4, and input pins for timer BO and timer B1. 
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PIN DESCRIPTION (2) 


Pin 


Name 


Input/Output 


Functions 


P6o~P67 


I/O port P6 

- 


I/O 


Port P6 is an 8-bit I/O port. It has basically the same functions as port P4. In addition, pins P6o through P63 
and pins P64 through P67 are capable of functioning as a 4-bit real-time output, respectively. 


P7o~P77 


I/O port P7 


I/O 


Port P7 is an 8-bit I/O port. It has basically the same functions as port P4. In addition, these pins also func- 
tion as input pins for analog inputs ANq through AN7. Pin P77 also has an A-D conversion trigger input func- 
tion. 


P8o~P87 


I/O port P8 


I/O 


Port P8 is an 8-bit I/O port. It has basically the same functions as port P4. In addition, these pins also func- 
tion as RxD, TxD, CLK, and CTS/RTS pins for UARTO and UART1 . 


P9o~P97 


I/O port P9 


I/O 


Port P9 is an 8-bit I/O port. It has basically the same functions as port P4. In addition, these pins also func- 
tion as input pins for DMA request, and output pins for DMA acknowledge signal. 


P10o~P107 


I/O port PI 


I/O 


Port P10 is an 8-bit I/O port. It has basically the same functions as port P4. In addition, 
these pins also function as input pins for INTo/INTi/INT2( and I/O pin for TO, and out- 
put pins for RAS, CAS, MAs and MA9. 
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BASIC FUNCTION BLOCKS 

The M37720S1 FP contains the following devices on a chip: 
RAM for storing instructions and data, CPU for processing, 
bus Interface unit (which controls instruction prefetch and 
data read/write between CPU and memory), timers, UART, 
A-D converter, and other peripheral devices such as I/O 
ports. ROM is not incorporated. Each of these devices are 
described below. 

MEMORY 

The memory map is shown in Figure 1. The address space 
is 16M bytes from addresses 0i6 to FFFFFFie- The address 
space is divided into 64K bytes units called banks. The 
banks are numbered from 0i6 to FFie. 
Built-in RAM, and control registers for built-in peripheral 
devices are assigned to bank 0i6- 



Addresses FFCE16 to FFFF16 are the RESET and interrupt 
vector addresses and store the interrupt vectors. Be sure to 
set up external ROM for the interrupt vector table. Refer to 
the section on interrupts for details. 

The 512 bytes area from addresses 8O16 to 27Fi6 contains 
the built-in RAM. In addition to storing data, the RAM is 
used as stack during a subroutine call, or interrupts. 
Assigned to addresses O16 to 7Fi6 are peripheral devices 
such as I/O ports, A-D converter, UART, timer, and inter- 
rupt control registers. Registers necessary for DMA control 
are assigned to addresses 1 FCO16 through 1 FFF16. 
A 256 bytes direct page area can be allocated anywhere in 
bank O16 using the direct page register DPR. In direct page 
addressing mode, the memory in the direct page area can 
be accessed with two words thus reducing program steps. 



Bank 0^e ^ 

• 

Bank 1 16- 

Bank FE16 ^ 
Bank FF16 -< 














^ OUUUUUiel 
1 


OOOOOO16 

00007Fi6 

^\ OOOO8O16 




00000016 

00007F^^^ 


Peripheral devices 
control registers 
. [Refer Fig.2] 




1 


Internal RAM 
512 bytes 
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1 
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' 010000i6p 
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1 
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1 

. OlFFFFiej. 
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Fig.1 Memory map 
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Address ( 
000000 
000001 
000002 
000003 
000004 
000005 
000006 
000007 
000008 
000009 
' OOOOOA 
OOOOOB 
OOOOOC 
OOOOOD 
OOOOOE 
OOOOOF 
000010 
000011 
000012 
000013 
000014 
000015 
000016 
000017 
000018 
000019 
00001 A 
00001 B 
00001 C 
00001 D 
00001 E 
00001 F 
000020 
000021 
000022 
000023 
000024 
000025 
000026 
000027 
000028 
000029 
00002A 
00002 B 
00002C 
00002 D 
00002 E 
00002 F 
000030 
000031 
000032 
000033 
000034 
000035 
000036 
000037 
000038 
000039 
00003A 
00003B 
00003C 
00003D 
00003E 
00003F 



Hexadecimal notation) 



Port P4 



Port P5 



Port P4 data direction register 



Port P5 data direction register 



Port P6 



Port P7 



Port P6 data direction register 



Port P7 data direction register 



Port P8 



Port P9 



Port P8 data direction register 



Port P9 data direction register 



Port P10 



Port P10 data direction register 



Pulse output data register 



Pulse output data register 1 



A- D control register 



A-D sweep pin selection register 



A-D register 



A-D register 1 



A-D register 2 



A-D register 3 



A-D register 4 



A-D register 5 



A-D register 6 



A-D register 7 



UARTO transnnlt/recelve mode register 



UARTO bit rate register 



UARTO transmission buffer register 



UARTO transmit/receive control register 



UARTO transmit/receive control register 1 



UARTO receive buffer register 



UART1 transmit/receive mode register 



UART1 bit rate register 



UARTI transmission buffer register 



UART1 transmit/receive control register 



UARTI transmit/receive control register 1 



UARTI receive buffer register 



Address 

000040 

000041 

000042 

000043 

000044 

000045 

000046 

000047 

000048 

000049 

00004A 

00004B 

00004C 

00004D 

00004E 

00004 F 

000050 

000051 

000052 

000053 

000054 

000055 

000056 

000057 

000058 

000059 

00005A 

00005 B 

00005C 

00005 D 

00005 E 

00005 F 

000060 

000061 

000062 

000063 

000064 

000065 

000066 

000067 

000068 

000069 

b0006A 

00006 B 

00006C 

00006D 

00006E 

00006 F 

000070 

000071 

000072 

000073 

000074 

000075 

000076 

000077 

000078 

000079 

00007A 

00007 B 

00007C 

00007 D 

00007 E 

00007 F 



(Hexadecimal notation) 



Count start flag 



One shot start flag 



Up-down flag 



Timer k2 



Timer A3 



Timer BO 



Timer Eil 



Timer B2 



Timer AO mode register 



Timer A1 mode register 



Timer A2 mode register 



Timer A3 mode register 



Timer A4 mode register 



Timer BO mode register 



Timer B1 mode register 



Timer B2 mode register 



Processor mode register 



Watchdog timer 



Watchdog timer frequency selection flag 



Real-time output control register 



DRAM control register 



Refresh timer 



DMAC control register L 



DMAC control register H 



DMAO Interrupt control register 



DMA1 interrupt control register 



DMA2 interrupt control register 



DM A3 interrupt control register 



A-D conversion interrupt control register 



UARTO transmission interrupt control register 



UARTO receive interrupt control register 



UARTI transmission interrupt control register 



UART1 receive interrupt control register 



Timer AO interrupt control register 



Timer A1 interrupt control register 



Timer A2 interrupt control register 



Timer A3 interrupt control register 



Timer A4 interrupt control register 



Timer BO interrupt control register 



Timer B1 interrupt control register 



Timer B2 interrupt control register 



IN Jo interrupt control register 



INTi interrupt control register 



INT 2 interrupt control register 



Fig.2 Location of peripheral devices and interrupt control registers 



2-92 



MITSUBISHI 
^ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

IVI37720S1FP,M37720S1AFP 

16-BIT CMOS MICROCOMPUTER 



CENTRAL PROCESSING UNIT (CPU) 

The CPU has ten registers and is shown in Figure 3. Each 
of these registers is described below. 

ACCUMULATOR A (A) 

Accumulator A is the main register of the microcomputer. It 
consists of 16 bits and the lower 8 bits can be used separ- 
ately. The data length flag m determines whether the regis- 
ter is used as 16-blt register or as 8-bit register. It is used 
as a 16-bit register when flag m is "0" and as an 8-bit reg- 
ister when flag m is "1". Flag m is a part of the processor 
status register (PS) which is described later. 
Data operations such as calculations, data transfer, input/ 
output, etc., is executed mainly through the accumulator. 

ACCUMULATOR B (B) 

Accumulator B has the same functions as accumulator A, 
but the use of accumulator B requires more instruction 
bytes and execution cycles than accumulator A. 

INDEX REGISTER X (X) 

Index register X consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It Is used as a 16-bit register when flag x is 
"0" and as an 8-bit register when flag x is "1". Flag x is a 
part of the processor status register (PS) which is de- 
scribed later. 



In index addressing mode, register X is used as the index 
register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the contents of index register X indicates the low- 
order 16 bits of the source data address. The third byte of 
the MVP and MVN is the high-order 8 bits of the source 
data address. 

INDEX REGISTER Y (Y) 

Index register Y consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x is 
"0" and as an 8-bit register when flag x is "1". Flag x is a 
part of the processor status register (PS) which is de- 
scribed later. 

In index addressing mode, register Y is used as the index 
register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the content of index register Y indicates the low- 
order 16 bits of the destination address. The second byte of 
the MVP and MVN is the high-order 8 bits of the destina- 
tion data address. 



15 



15 



7 

I PG I Program bank register PG !j^ 

r 



I DT I Data bank register DT 



15 



15 



Ah 



Al 



Accumulator A 



J Accumulator B 



Xh 



Xl 



J Index register X 



Yl 



J Index register Y 
J Stack pointer S 



PC 



DPR 



J Program counter PC 



n Direct page register DPR 



I I I I I liPLgliPLiliPLol N|v|m| x|d| I |z|c| Processor status register PS 

L Carry flag 



Zero flag 

Interrupt disable flag 

Decimal mode flag 

Index register length flag 

Data length flag 

Overflow flag 

Negative flag 

Processor interrupt priority level I PL 



Fig.3 Register structure 
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STACK POINTER (S) 

stack pointer (S) is a 16-bit register. It is used during a 
subroutine call or interrupts. It is also used during stack, 
stack pointer relative, or stack pointer relative indirect in- 
dexed Y addressing mode. 

For stack area selection, use bit 7 stack bank selection bit 
of the processor mode register (address SEte)- When the 
bit is set to "0", the stack ar^a is set to bank Oie- When the 
bit is "1", the stack area is set to bank FFie- This bit de- 
faults to upon resetting. 

PROGRAM COUNTER (PC) 

Program counter (PC) Is a 16-bit counter that indicates the 
low-order 16 bits of the next program memory address to 
be executed. There is a bus interface unit between the 
program memory and the CPU, so that the program mem- 
ory is accessed through bus interface unit. That is de- 
scribed later, 

PROGRAM BANK REGISTER (PG) 

Program bank register (PG) Is an 8-bit register that indi- 
cates the high-order 8 bits of the next program memory 
address to be executed. When a carry occurs by in- 
crementing the contents of the program counter, the con- 
tents of the program bank register (PG) is incremented by 
1. Also, when a carry or borrow occurs after adding or sub- 
tracting the offset value to or from the contents of the prog- 
ram counter (PC) using branch instruction, the contents of 
the program bank register (PG) is incremented or de- 
cremented by 1 so that programs can be written without 
worrying about bank boundaries. 

DATA BANK REGISTER (DT) 

Data bank register (DT) is an 8-bit register. With some 
addressing modes, a part of the data bank register (DT) is 
used to specify a memory address. 

The contents of data bank register (DT) is used as the 
high-order 8 bits of a 24-bit address. Addressing modes 
that use the data bank register (DT) are direct indirect, 
direct indexed X indirect, direct indirect indexed Y, 
absoulute, absolute bit, absolute indexed X, absolute inde- 
xed Y, absolute bit relative, and stack pointer relative in- 
direct indexed Y. 

DIRECT PAGE REGISTER (DPR) 

Direct page register (DPR) is a 16-bit register. Its contents 
is used as the base address of a 256byte direct page area. 
The direct page area is allocated in bank Oi6, but when the 
contents of DPR Is FFOlie or greater, the direct page area 
spans across bank Oi6 and bank lie- All direct addressing 
modes use the contents of the direct page register (DPR) 
to generate the data address. If the low-order 8 bits of the 
direct page .register (DPR) is "OOie", the number of cycles 
required to generate the address is minimized. Therefore, 



nomally the low-order 8 bits of the direct page register 
(DPR) is set to "OOie". 

PROCESSOR STATUS REGISTER (PS) 

Processor status register (PS) is an 11 -bit register. It con- 
sists of a flag to indicate the result of operation and CPU 
interrupt levels. 

Branch operations can be performed by testing the flags, 
C, Z, V, and N. 

The details of each processor status register bit are de- 
scribed below. 

1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the ALU after an arithmetic operation. This flag is also 
affected by shift and rotate instructions. This flag can be set 
and reset directly with the SEC and CLC instructions or 
with the SEP and CLP instructions. 

2. Zero flag (Z) 

This zero flag is set if the result of an arithmetic operation 
or data transfer is zero and reset if it is not. This flag can 
be set and reset directly with the SEP and CLP instructions. 

3. Interrupt disable flag (I) 

When the interrupt disable flag is set to "1", all interrupts 
except watchdog timer, DBC, and software interrupt are 
disabled. This flag is set to "1" automatically when inter- 
rupts are serviced. It can be set and reset directly with the 
SEI and CLI instructions or SEP and CLP instructions. 

4. Decimal mode flag (D) 

The decimal mode flag determines whether addition and 
subtraction are performed as binary or decimal. 
Binary arithmetic is performed when this flag is "0". If it is 
"1", decimal arithmetic is performed with each word treated 
as two or four digit decimal. Arithmetic operation is per- 
formed using four digits when the data length flag m is "0" 
and with two digits when it is "1". (Decimal operation is 
possible only with the ADC and SBC instructions.) This flag 
can be set and reset with the SEP and CLP instructions. 



2-94 



JL MITSUBISHI 
JrmELECTRIG 



MITSUBISHI MICROCOMPUTERS 

M37720S1FP,IVI37720S1AFP 

16-BIT CMOS MICROCOMPUTER 



5. Index register length flag (X) 

The index register length flag determines whether index 
register X and index register Y are used as 16-bit registers 
or as 8-bit registers. The registers are used as 16-bit regis- 
ters when flag x is "0" and as 8-bit registers when it is "1". 
This flag can be set and reset with the SEP and CLP in- 
structions. 

6. Data length flag (m) 

The data length flag determines whether the data length is 
16-bit or 8-bit. The data length is 16-bit when flag m is "0" 
and 8-bit when it is "1". This flag can be set and reset with 
the SEM and CLM instructions or with the SEP and CLP in- 
structions. 

7. Overflow flag (V) 

The overflow flag has meaning when addition or subtraction 
is performed as signed binary number. When the data 
length flag m is "0", the overflow flag is set when the result 
of addition or subtraction is outside the range between 
-32768 and +32767. When the data length flag m is "1", 
the overflow flag is set when the result of addition or sub- 
traction is outside the range between -128 and +127. It is 
reset in all other cases. The overflow flag can also be set 
and reset directly with the SEP, and CLV or CLP instruc- 
tions. 

8. Negative flag (N) 

The negative flag Is set when the result of arithmetic op- 
eration or data transfer is negative (If data length flag m is 
"0", when data bit 15 is "1". If data length flag m is "1", 
when data bit 7 is "1".) It is reset in all other cases. It can 
also be set and reset with the SEP and CLP instructions. 



9. Processor interrupt priority level (IPL) 

The processor interrupt priority level (IPL) consists of 3 
bits and determines the priority of processor interrupts from 
level to level 7. Interrupt is enabled when the interrupt 
priority (set using the interrupt control register) of the de- 
vice requesting interrupt is higher than the processor inter- 
rupt priority. When interrupt is enabled, the current proces- 
sor interrupt priority level is saved in a stack and the pro- 
cessor interrupt priority level is replaced by the interrupt 
priority level of the device requesting the interrupt. Refer to 
the section on interrupts for more details. 

BUS INTERFACE UNIT 

The CPU operates on an internal clock frequency which is 
obtained by dividing the external clock frequency f(X|N) by 
two. This frequency is twice the bus cycle frequency. In 
order to speed-up processing, a bus interface unit is used 
to pre-fetch instructions when the data bus is idle. The bus 
interface unit synchronizes the CPU and the bus access 
timing and pre-feches instructions. Figure 4 shows the rela- 
tionship between the CPU and the bus interface unit. The 
bus interface unit has a program address register, a 3-byte 
instruction queue buffer, a data address register, and a 2- 
byte data buffer. 

The bus interface unit obtains an instruction code from 
memory and stores it in the instruction queue buffer, 
obtains data from memory and stores it in the data buffer, 
or writes the data from the data buffer to the memory. 









D'i5~D'8 


K 








CPU 


Bus 

interface 

unit 


^ Di5~D8 ^ 


^ 


D'7~Do 


1/ 


N —> 

A23~Ao ^ 


^ 


A'23~A'o 


^ 


^ 


> 




Control signal 




BHE 


BLE 


R/W 


E 


ALE 






\y 


BYTE 


HOLD 













Fig.4 Relationship between tlie CPU and tlie bus Interface unit 
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The bus interface unit operates using one of the waveforms 
(1) to (6) shown in Figure 5. The standard waveforms are (1) 
and (2). 

The ALE signal is used to latch only the address signal 
from the multiplexed signal containing data and address. 
The E signal becomes "L" when the bus interface unit 
reads an instruction code or data from memory or when it 
writes data to memory. Whether to perform read or write is 
controlled by the R/W signal. Read is performed when the 
R/W signal is "H" state and write is performed when it is 
"L" state. 

Waveform (1) in Figure 5 is used to access a single byte or 
two bytes simultaneously. To read or write two bytes simul- 
taneously, the first address accessed must be even. Furth- 
ermore, when accessing an external memory area, set the 
bus width selection input pin BYTE to "L". (external data 
bus width to 16 bits) The internal memory area is always 
treated as 16-bit bus width regardless of BYTE. 
When performing 16-bit data read or write, if the conditions 
for simultaneously accessing two bytes are not satisfied, 
waveform (2) is used to access each byte one by one. 
However, when prefetching the instruction code, if the 
address of the instruction code is odd, only one byte is 
read in the instruction queue buffer. 

The signals BLE and BHE in Figure 5 are used to control 
these cases; 1 -byte read from even address, 1-byte read 
from odd address, 2-byte simultaneous read from even and 
odd addresses, 1-byte write to even address, 1-byte write 
to odd address, or 2-byte simultaneous write to even and 
odd addresses. 

The BLE signal becomes "L" when ah even number 
address is accessed. The BHE signal becomes "L" when 
an odd number address is accessed. 
The bit 2 of processor mode register (address SEie) is the 
wait bit. When this bit is set to "0", the "L" width of E signal 
is extended 2 times as long when accessing an external 
memory area in microprocessor mode However, the "L" 
width of E signal is not extended when an internal memory 
area is accessed. When the wait bit is "1", the "L" width of 
E signal is not extended for any access. Waveform (3) is an 
expansion of the "L" width of E signal in waveform (1). 
Waveform (4), (5), and (6) are expansion of the "L" width of 
each E signal in waveform (2), first half of waveform (2), and 
the last half of waveform (2) respectively. 
Instruction code read, data read, and data write are de- 
scribed below. , ^ 
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Instruction code read will be described first. 
The CPU obtains instruction codes from the instruction 
queue buffer and executes them. The CPU notifies the bus 
interface unit that it is requesting an instruction code during 
an instruction code request cycle. If the requested instruc- 
tion code is not yet stored in the instruction queue buffer, 
the bus interface unit halts the CPU until it can store more 
instructions than requested in the instruction queue buffer. 
Even if there is no instruction code request from the CPU, 
the bus interface unit reads instruction codes from memory 
and stores them in the instruction queue buffer when the 
instruction queue buffer is empty or when only one instruc- 
tion code is stored and the bus is idle on the next cycle. 
This is referred to as instruction pre-fetching. 
Normally, when reading an instruction code from memory, if 
the accessed address is even the next odd address is read 
together with the instruction code and stored in the instruc- 
tion queue buffer. 

However, if the bus width switching pin BYTE is "H", exter- 
nal data bus width is 8 bits and the address to be read is in 
external memory area, or the addresses to be read is odd, 
only one byte is read and stored in the instruction queue 
buffer. Therefore, waveform (1) or (3) in Figure 5 in used for 
instruction code read. 
Data read and write are described below. 
The CPU notifies the bus interface unit when performing 
data read or write. At this time, the bus interface unit halts 
the CPU if the bus interface unit is already using the bus or 
if there is a request with higher priority. When data read or 
write is enabled, the bus interface unit uses one of the 
waveforms from (1) to (6) in Figure 5 to perform the opera- 
tion. 

During data read, the CPU waits until the entire data is 
stored in the data buffer. The bus interface unit sends the 
address received from the CPU to the address bus. Then it 
reads the memory when the E signal is "L" and stores the 
result in the data buffer. 

During data write, the CPU writes the data in the data buf- 
fer and the bus interface unit writes it to memory. There- 
fore, the CPU can proceed to the next step without waiting 
for write to complete. The bus interface unit sends the 
address received from the CPU to the address bus. Then 
when the E signal is "L", the bus interface unit sends the 
data in the data buffer to the data bus writes it to memory. 
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INTERRUPTS 

Table 1 shows the interrupt sources and the corresponding 
Interrupt vector addresses. Reset is also treated as a kind 
of Interrupt and is discussed in this section, too. 
DBC is an Interrupt used for debugging. 
Interrupts other than reset, DBC, watchdog timer, zero di- 
vide, and BRK instruction all have Interrupt control regis- 
ters. Table 2 shows the addresses of the interrupt control 
registers and Figure 6 shows the bit conflguratlbn of the in- 
terrupt control register. The interrupt request bit is auto- 
matically cleared by the hardware during reset or when 
processing an Interrupt. Also, Interrupt request bits other 
than DBC and watchdog timer can be cleared by software. 
INT2 to INTo are external interrupts and whether to cause 
an Interrupt at the input level (level sense) or at the edge 
(edge sense) can be selected with the level sense/edge 
sense selection bit. Furthermore, the polarity of the inter- 
rupt input can be selected with polarity selection bit. 
Timer and UART Interrupts described in the respective 
section. 

The priority of interrupts when multiple Interrupts are 
caused simultaneously is partially fixed by hardware, but, it 
can also be adjusted by software as shown In Figure 7. The 
hardware priority Is fixed the following: 
reset>DBC> watchdog tlmer> other interrupts 



Table 1. 



Interrupt sources and the Interrupt vector 
addresses 



Interrupts 


Vector addresses 


DMA3 


OOFFCE16 OOFFCF16 


DMA2 


OOFFDO16 OOFFPI16 


DMA1 


00FFD2i6 00FFD3i6 


DMAO 


00FFD4i6 00FFD5i6 


A-D conversion 


OOFFD616 00FFD7i6 


UART1 transmit 


OOFFD816 00FFD9i6 


UART1 receive 


OOFFDAie OOFFDBie 


UARTO transmit 


OOFFDC16 OOFFOD16 


UARTO receive 


OOFFDE16 OOFFDF16 


Timer B2 


OOFFEO16 OOFFEI16 


Timer B1 


00FFE2i6 00FFE3i6 


Timer BO 


00FFE4i6 00FFE5i6 


Timer A4 


OOFFE616 00FFE7i6 


Timer A3 


OOFFE816 00FFE9i6 


Timer A2 


OOFFEA16 OOFFEB16 


Timer A1 


OOFFEC16 OOFFED16 


Timer AO 


OOFFEE16 OOFFEF16 


INT2 external interrupt 


OOFFFO16 OOFFFI16 


INT1 external interrupt 


00FFF2i6 00FFF3i6 


INTo external interrupt 


00FFF4i6 00FFF5i6 


Watchdog timer 


OOFFF616 00FFF7i6 


DBC (unusable) 


OOFFF816 00FFF9i6 


Break instruction 


OOFFFA16 OOFFFB16 


Zero divide 


OOFFFC16 OOFFFD16 


Reset 


OOFFFE16 OOFFFFid 



7 6 5 4 3 2 10 

Ix^^Mxl 1 1 II 





Interrupt priority 

Interrupt request bit 

'. No interrupt 

1 : Interrupt 



Interrupt control register configuration for DMA0-'DMA3, A-D converter, UARTO, UART1, timer AO~timer A4, timer BO~timer B2 



7 6 5 4 3 2 10 



Interrupt priority 

Interrupt request bit 

: No interrupt 

1 : Interrupt 
Polarity selection bit 

! Set interrupt request bit at "H" level sense and when changing from "H" to "L" level for edge sense 

1 '. Set interrupt request bit at "L" level sense and when changing from "L" to "H" level for edge sense 

Level sense/edge sense selection bit 

! Edge sense 

1 : Level sense ► 



Interrupt control register configuration for INT2~INTo. 



Fig.6 Interrupt control register configuration 
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Table 2. Address of interrupt control registers 


Interrupts 


Addresses 


DMAO interrupt control register 


OOOO6C16 


DMA1 interrupt control register 


OOOO6D16 


DMA2 interrupt control register 


OOOO6E16 


DMAS interrupt control register 


OOOO6F16 


A-D conversion interrupt control register 


OOOO7O16 


UARTO transmit interrupt control register 


000071 16 


UARTO receive interrupt control register 


000072i6 


UART1 transmit interrupt control register 


000073i6 


UART1 receive interrupt control register 


00007416 


Timer AO interrupt control register 


000075i6 


Timer A1 interrupt control register 


000076i6 


Timer A2 interrupt control register 


000077i6 


Timer A3 interrupt control register 


000078i6 


Timer A4 interrupt control register 


000079i6 


Timer BO interrupt control register 


00007 Ai 6 


Timer B1 interrupt control register 


00007Bi6 


Timer 82 interrupt control register 


00007Ci6 


INTo interrupt control register 


00007Di6 


INT1 interrupt control register 


00007Ei6 


INT2 interrupt control register 


00007Fi6 



Interrupts caused by a BRK instruction and when dividing 
by zero are software interrupts and are not included in this 
list. 

Other interrupts previously mentioned are DMA, A-D con- 
verter, UART, Timer, INT interrupts. The priority of these in- 
terrupts can be changed by changing the priority level in 
the corresponding interrupt control register by software. 
Figure 8 shows a diagram of the interrupt priority resolution 
circuit. When an interrupt is caused, the each interrupt de- 
vice compares its own priority with the priority from above 
and if its own priority is higher, then it sends the priority be- 
low and requests the interrupt. If the priorities are the 
same, the one above has priority. 

This comparison is repeated to select the interrupt with the 
highest priority among the interrupts that are being re- 
quested. Finally the selected interrupt is compared with the 
processor interrupt priority level (I PL) contained in the pro- 
cessor status register (PS) and the request is accepted if it 
is higher than IPL and the interrupt disable flag I is "0". The 
request is not accepted if flag I Is "1". The reset, DBC, and 
watchdog timer interrupts are not affected by the interrupt 
disable flag I. 

When an interrupt is accepted, the contents of the proces- 
sor status register (PS) is saved to the stack and the inter- 
rupt disable flag I is set to "1". 

Furthermore, the interrupt request bit of the accepted inter- 
rupt is cleared to "0" and the processor interrupt priority 
lever (IPL) in the processor status register (PS) is re- 
placed by the priority level of the accepted interrupt. 
Therefore, multi-level priority interrupts are possible by re- 
setting the interrupt disable flag I to "0" and enable further 
interrupts. 



For reset, DBC, watchdog timer, zero divide, and BRK in- 
struction interrupts, which do not have an interrupt control 
register, the processor interrupt level (IPL) is set as shown 
in Table 3. 

Priority resolution is performed by latching the interrupt re- 
quest bit and interrupt priority level so that they do not 
change. They are sampled at the first half and latched at 
the last half of the operation code fetch cycle. 



Priority is determined by hardware 



® 



(D 



® 



ICDO- 





1 

1 


WatchdogI 
timer \ 


- DBC 


Reset 1 



, I 



Interrupt by A-D conversion, UART, and so on 
[Priority can be changed with software inside (D] 



Fig. 7 Interrupt priority 
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Interrupt request 

_6 


DMAS 1 , L, 




1 DMA2 1 y 


1 DMA1 1 — y 




1 DMAO 1 ^y 




JA-Dconversionj \t^ 


|UART1 transmit] jY, 


|UART1 receivej ^^ 











juARTOtransmitj — nV 


Reset 




T] 


^ 


luARTO receivej Y 








( 


[Timer B2 | — ^ 
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1 Timer B1 j \^ 


1 DBC 
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X 


1 Timer BO | — Y 




n-^ 


1 Timer A4 | |Y, 













1 Timer A3 | — JY, 


1 Watchdog 


, 71 




\ timer 


*■ J 


1 Timer A2 l~~Th 




i 


Interrupt disable flag 1 ^ 


[Timer A1 | — Y 


1 Timer AO | — VL 




A 


1 INT. I-^Y^ 


1 IPL 


r 




1 INT, \-^ 






1 INTo 1-^ 

















Fig.8 Interrupt priority resolution 
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Because priority resolution takes sorrie time, no sampling 
pulse is generated for a certain interval even if it is the next 
operation code fetch cycle. 

As shown in Figure 9, there are three different interrupt 
priority resolution time from which one is selected by soft- 
ware. After the selected time has elapsed, the highest 
priority is determined and is processed after the currently 
executing instruction has been completed. 
The time is selected with bits 4 and 5 of the processor 
mode register (address SEie) shown in Figure 10. Table 4 
shows the relationship between these bits and the number 
of cycles. After a reset, the processor mode register is in- 
itialized to "OOie" and therefore, the longest time is 
selected. 
However, the shortest time may be selected by software. 



Table 3. Value set In processor interrupt level(IPL)dur- 
Ing an interrupt 



Interrupt types 


Setting value 


Reset 





DBC 


7 


Watchdog timer 


7 


Zero divide 


Not change value of IPL. 


BRK instruction 


Not change value of IPL. 



Table 4. Relationship between priority level evaluation 
time selection bit and number of cycles 



Priority level resolution time selection bit 


Number of cycles 


Bits 


Bit 4 








7 cycles of (f> 





1 


4 cycles of <f> 


1 





2 cycles of 



: Internal clock 



Internal clock </> 
Operation code fetch cycle 
Sampling pulse 

Priority resolution time < 
[Select from to 2 with bits 4 and 5 
of the processor mode register] 


n_Jijn_JTjnj-i_rLn_n_ 


n n 







1 1 




1 1 


^ ■ , '■ 



Flg.9 Interrupt priority resolution time 



7 6 5 4 3 2 1 

III '■ 1 






' 

























Processor mode register(address SEie) 

Processor mode bit 

'. Microprocessor mode 

1 '. Evaluation chip mode 
Wait bit 

: Wait 

1 : No wait 

Software reset bit 
The processor is reset when this bit is set to "1" 

Priority resolution time selection bit 
: Select in Figure 9 

1*. Select 1 in Figure 9 

1 : Select 2 In Figure 9 

Test mode bit 
Must be "0" 

Stack bank selection bit 

: Bank Qie 

1 : Bank FFig 



Fig,10 Processor mode register configuration 
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TIMER 

There are eight 16-bit timers. They are divided by type into 
timer A (5) and timer B(3). 

The timer I/O pins are shared with I/O pins for port P5. To 
use these pins as timer input pins, the direction register bit 
corresponding to the pin must be cleared to "0" to specify 
input mode. 

TIMER A 

Figure 11 shows a block diagram of timer A. 

Timer A has four modes; timer mode, event counter mode, 

one-shot pulse mode, and pulse width modulation mode. 

The mode is selected with bits and 1 of the timer Ai 

mode register (i=0 to 4). 

Each of these modes is described below. 



(1) Timer mode [00] 

Figure 12 shows the bit configuration of the timer Ai mode 
register during timer mode. Bits 0, 1, and 5 of the timer Ai 
mode register must always be "0" in timer mode. 
Bit 3 is ignored if bit 4 is "0". 

Bits 6 and 7 are used to select the timer counter source. 
The counting of the selected clock starts when the count 
start flag is "1" and stops when it is "0". 
Figure 13 shows the bit configuration of the count start flag. 
The counter is decremented, an interrupt is caused and the 
interrupt request bit in the timer Ai interrupt control register 
is set when the contents becomes OOOOie. At the same 
time, the contents of the reload register is transferred to the 
counter and count is continued. 



f(X,N) 




L["TF>^ 



Date bu$(odd) 



D ata busjeven) 

- -r> 



Clock source selection 
f2 o 



f.e-o \^ 



• Timer 

• One-shot 

• Pulse width modulation 



(Lower 8 bits) 



<2. 



3 



(Uppers bits) 



Reload register(16) 



5 



Timer(gate function) 



TAjiN 
(j=2to4) 



Polarity 
selection 



' \o 



Event counter 



^^ 



Counter(16) 



- External trigger 



Count start flag 
(Address 40i6) 

Down count - 



Up-down flag 



(Address 44i6) 



Up/down 

[Always decremented 
except in event count 
mode] 



Pulse output 



Q 

TAjpuT 

(j=2 to 4) 



■^ 



Toggle flip-flop 



Address 

Timer AO 47i6 46i6 
TimerAI 49i6 48i6 
TimerA2 4Bi6 4Ai6 
TimerAS 4Di6 4Ci6 
TimerA4 4Fie 4Ei6 



Flg.l 1 Block diagram of timer A 
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When bit 2 of the timer Ai mode register is "1", the output 
is generated from TAJout(j = 2 to 4) pin. The output is tog- 
gled each time the contents of the counter reaches to 
OOOO16. When the contents of the count start flag is "0","L" 
is output from TAjouT pin. 

When bit 2 is "0", TAjoux can be used as a normal port pin. 
When bit 4 is "0", TAjin can be used as a normal port pin. 
When bit 4 is "1", counting is performed only while the in- 
put signal from the TAjin pin is "H" or "L" as shown in Fi- 
gure 14. Therefore, this can be used to measure the pulse 
width of the TAjin Input signal. Whether to count while the 
input signal Is "H" or while It is "L" is determined by bit 3. If 
bit 3 is "1", counting is performed while the TAJin pin input 
signal Is "H" and if bit 3 is "0", counting is performed while 
It is "L". 



Note that the duration of "H" or "L" on the TAJin pin must be 
two or more cycles of the timer count source. 
When data is written into timer Ai while it is not operating, 
the data is written into the reload register and counter. On 
the other hand, when data is written into timer Ai while It Is 
operating, the data is written into the reload register only 
and not into the counter. When reloading is initiated next, 
new data is reloaded from the reload register into the coun- 
ter for operation continuation. The contents of the counter 
can be read at any time. 

When the value set In the timer Ai register is n, the timer 
frequency dividing ratio is 1/(nH-l). 

As timers AO and A1 do not have the TA|n and TAour P'm, 
be sure to use the timer mode. 







Address 

/ Timer AO mode register 56i6 \ 

Timer A1 mode register 57i6 

Timer A2 mode register 58i6 

Timer A3 mode register 59i6 

\ Timer A4 mode register 5Ai6 



•00 *. Always "GO" in timer mode 

.■ No pulse output(TAjouT is normal port pin) 

1 : Pulse output 

Ox : No gate function(TAjiN is normal port pin) 
1 : Count only while TAjin input is "L" 
1 1 : Count only while TAjin input is "H" 

: Always "0" in timer mode 



- Clock source selection bit 
: Select fa 

1 : Select fie 
10: Select f64 

1 1 : Select f5i2 



Fig. 12 Timer Ai mode register bit configuration in timer mode 
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Count start flag 
7 6 5 4 3 2 1 (Stop at "0", Start at "1") 



Address 
40i6 



t-. 



mer AO count start flag 
Timer A1 count start flag 
Timer A2 count start flag 
Timer A3 count start flag 
Timer A4 count start flag 
Timer BO count start flag 
Timer B1 count start flag 
Timer 82 count start flag 



Fig. 13 Count start flag bit configuration 



Selected clock source fj 
TAj,N 

Timer mode register 
Bit 4 Bit 3 








1 




Timer mode register 
Bit 4 Bit 3 


1 1 







Fig.14 Count waveform when gate function is available 



MfTSUBISHI 
L ELECTRIC 



2-103 



MITSUBISHI MICROCOMPUTERS 

M37720S1FP,M37720S1AFP 

16-BIT CMOS MICROCOMPUTER 



(2) Event counter mode [01] 

Figure 15 shows the bit configuration of the timer Aj mode 
register during event counter mode. In event counter mode, 
the bit of the timer Aj(j = 2 to 4) mode register must be 
"1" and bit 1 and bit 5 must be "0". 

The input signal from the TAJin pin is counted when the 
count start flag shown in Figure 13 is "1" and counting is 
stopped when it is "0". 

Count is performed at the fall of the input signal when bit 3 
is "0" and at the rise of the signal when it is "1 ". 
In event counter mode, whether to increment or decrement 
the count can be sejected with the up-down flag or the in- 
put signal from the TAjour P'"- When bit 4 of the timer Aj 
mode register is "0", the up-down flag is used to determine 
whether to increment or decrement the count (decrement 
when the flag is "0" and increment when it is "1"). Figure 
16 shows the bit configuration of the up-down flag. When 
bit 4 of the timer Aj mode register is "1", the input signal 
from the TAJout pin is used to determine whether to incre- 
ment or decrement the count. However, note that bit 2 must 
be "0" if bit 4 is "1" because if bit 2 is "1", TAJqut pin be- 
comes an output pin with pulse output. 
Determine the level of the input signal from the TAjout pin 
before valid edge is input to the TAJin pin. 
The count is decremented when the input signal from the 
TAjouT pin is "L" and incremented when it is "H". 
An Interrupt request signal is generated and the interrupt 
request bit in the timer Aj interrupt control register is set 
when the counter reaches OOOOie (decrement count) or 
FFFF16 (increment count). At the same time, the contents 
of the reload register is transferred to the counter and the 
count is continued. 

When bit 2 is "1" and the counter reaches OOOO16 
(decrement count) or FFFF^e (increment count), the wave- 
form reversing polarity is output from TAJout pin. 
If bit 2 is "0", TAjouT pin can be used as a normal port pin. 
However, if bit 4 is "1" and the TAjour pin is used as an 
output pin, the output from the pin changes the count direc- 
tion. Therefore, bit 4 should be "0" unless the output from 
the TAjouT pin is to be used to select the count direction. 
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Address 
timer A2 mode register 58i6 
Timer A3 mode register 59i6 
Timer A4 mode register 5Ai6 



1 *. Always "01" in event counter mode 

: No pulse output 

1 '. Pulse output 

: Count at the falling edge of input signal 

1 : Count at the rising edge of input signal 



: Increment or decrement according to 

up/down flag 

1 : Increment or decrement according to 

TAjouT pin input signal level 



.' Always "0" in event counter mode 
XX *. Not used in event counter mode 



Fig. 15 Timer Aj mode register bit configuration In event 
counter mode 



7 6 5 4 3 2 1 
11 1 I I I |X|X| 



Up-down flag 



Address 
44i6 



Timer A2 up-down flag 

— Timer A3 up-down flag 

— Timer A4 Up-down flag 

-Timer A2 two-phase pulse signal processing selection bit 

'. Two-phase pulse signal processing disabled 

1 '. Two-phase pulse signal processing mode 
-Timer A3 two-phase pulse signal processing selection bit 

: Two-phase pulse signal processing disabled 

1 '. Two-phase pulse signal processing mode 
-Timer A4 two-phase pulse signal processing selection bit 

'. Two-phase pulse signal processing disabled 

1 I Two-phase pulse signal processing mode, 



Flg.1 6 Up-down flag bit configuration 
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Data write and data read are performed in the same way as 
for timer mode. That is, when data is written to timer Aj 
while it is not operating, it is also written to the reload reg- 
ister and the counter. When data Is written to timer Aj while 
it is operating, the data is written to the reload register, but 
not to the counter. The counter is reloaded with new data 
from the reload register at the next reload time. The coun- 
ter can be read at any time. 

In event counter mode, whether to increment or decrement 
the counter can also be determined by supplying two- 
phase pulse input with phase shifted by 90° to timer A2, A3, 
or A4. There are two types of two-phase pulse processing 
operations. One uses timers A2 and A3, and the other uses 
timer A4. In either processing operation, two-phase pulse is 
input in the same way, that is, pulses out of phase by 90° 
are input at the TAJout (j=2 to 4) pin and TAJin pin. 

When timers A2 and A3 are used, as shown in Figure 17, 
the count is incremented when a rising edge is entered to 
the TAkiN pin after the level of TAKqut (k = 2, 3) pin 
changes from "L" to "H", and when the falling edge is in- 
serted, the count is decremented. 

For timer A4, as shown in Figure 18, when a phase related 
pulse with a rising edge input to the TA4,n pin is entered 
after the level of TA4out pin changes from "L" to "H", the 
count is incremented at the respective rising edge and fall- 
ing edge of the TA4out and TA4|n pins. 
When a phase related pulse with a falling edge input to the 
TA4out pin is entered after the level of TA4|n pin changes 
from "H" to "L", the count is decremented at the respective 
rising edge and falling edge of the TA4in and TA4out pins. 
When performing this two-phase pulse signal processing, 
trmer Aj mode register bit and bit 4 must be set to "1" 
and bits 1, 2, 3, and 5 must be "0" (refer the Figure 19). 
Bits 6 and 7 are ignored. Note that bits 5, 6, and 7 of the 
up-down flag register (44i6) are the two-phase pulse sig- 
nal processing selection bit for timer A2, A3, and A4 re- 
spectively. Each timer operates in normal event counter 
mode when the corresponding bit is "0" and performs two- 
phase pulse signal processing when it is "1". 
Count is started by setting the count start flag to "1". Data 
write and read are performed in the same way as for nor- 
mal event counter mode. Note that the direction register of 
the input port must be set to input mode because two- 
phase pulse signal is input. Also, there can be no pulse 
output in this mode. 



TAkiN 
(k=2, 3) 



JTJTJ L_n_rL 

JUrU LTLTL 



Up-count 



Up-count 



Down-count 

Down-count 



Up-count 



Down-count 



Fig. 17 Two-phase pulse processing operation of timers 
A2 and A3 



TA4o 



.TLTLr i_n_rL 



Up-count at each edge Down-count at each edge 

TA4,. _n_n_r~i_n_rL 



up-count at each edge Down-count at each edge 



Fig. 18 Two-phase pulse processing operation of timer 
A4 
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Address 
Timer A2 mode register 58i6 
Timer A3 mode register 59i6 
Timer A4 mode register 5Ai6 



1 '- Always "01" in event counter mode 

1 : Always "0100" at two-phase 
pulse signal processing 

XX : Not used in event counter mode 



Fig. 19 Timer Aj mode register bit configuration when 
performing two-phase pulse signal processing 
In event counter mode 
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(3) One-shot pulse mode [10] 

Figure 20 shows the bit configuration of the timer Aj mode 
register during one-shot pulse mode. In one-shot pulse 
mode, bit and bit 5 must be "0" and bit 1 and bit 2 must 
be"1". 

The trigger is enabled when the count start flag rs "1". The 
trigger can be generated by software or It can be input 
from the TAjiN pin. Software trigger is selected when bit 4 
is "0" and the input signal from the TAJin pin is used as the 
trigger when it is "1". Bit 3 is used to determine whether to 
trigger at the fall of the trigger signal or at the rise. The 
trigger is at the fall of the trigger signal when bit 3 Is "0" 
and at the rise of the trigger signal when it is "1". Software 
trigger is generated by setting the bit in the one-shot start 
flag corresponding to each timer. Figure 21 shows the bit 
configuration of the one-shot start flag. Bit 7 of the one-shot 
start flag must always be "0". 

As shown in Figure 22, when a trigger signal is received, 
the counter counts the clock selected by bits 6 and 7. 
If the contents of the counter is not OOOOie, the TAjoui pin 
goes "H" when a trigger signal is received. The count 
direction is decrement. 

When the counter reaches 0001 16. The TAjoui pin goes "L" 
and count is stopped. The contents of the reload register is 
transferred to the counter. At the same time, an interrupt 
request signal is generated and the interrupt request bit in 
the timer Aj interrupt control register Is set. This is repe- 
ated each time a trigger signal is received. The output 
pulse width Is 

r -^ — \ 

V pulse frequency of the selected clock y 

X (counter's value at the time of trigger). 
If the count start flag is "0", TAjour goes "L". Therefore, the 
value corresponding to the desired pulse width must be 
written to timer Aj before setting the timer Aj count start 
flag. 

As shown in Figure 23, a trigger signal can be received be- 
fore the operation for the previous trigger signal is com- 
pleted. In this case, the contents of the reload register is 
transferred to the counter by the trigger and then that value 
Is decremented. Except when retriggering while operating, 
the contents of the reload register is not transferred to the 
counter by triggering. 

When retriggering, there must be at least one timer count 
source cycle before a new trigger can be issued. 
Data write Is performed to the same way as for timer mode. 
When data is written in timer Aj while it is not operating, it 
is also written to the reload register and the counter. 
When data is written to timer Aj while it is operating, the 
data is written to the reload register, but not to the counter. 
The counter is reloaded with new data from the reload reg- 
ister at the next reload time. 
Undefined data is read, when timer Aj Is read. 
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Address 
f^ Timer A2 mode register 58i6 '^ 

Timer A3 mode register 59i6 
\ Timer A4 mode register SAie/ 



1 : Always "10" in one-slnot pulse mode 



" — 1 '. Always "1" in one-shot pulse mode 

-ox: Software trigger 
1 : Trigger at the falling edge of TAjin input 
1 1 : Trigger at the rising edge of TAji^ input 



'. Always "0" in one-shot pulse mode 



- Clock source selection 
: Select fg 

1 ; Select fi 6 

1 : Select f64 

1 1 : Select f 51 2 



Fig. 20 Timer Aj mode register bit configuration during 
one-shot pulse mode 



7 6 5^ 
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2 1 


IXIXIXI 1 1 ixixl 
















" 







One-shot start flag 



Address 
42i6 



Timer A2 one-shot start flag 
Timer A3 one^shot start flag 
Timer A4 one-shot start flag 



Fig.21 One-shot start flag bit configuration 
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Selected clock 



r riRmuu^arLmuumm^imu 



TAj.N 

(in case of the 
rising edge) 



TAJo 



J 



n 



Example when the contents of the reload register is OOOSie 



Fig. 22 Pulse output example when external rising edge is selected 



Selected clock 
source fi 



TAJiN 

(in case of the 
rising edge) 



^rninrLT^^uiiui^^LRRRRi 



r\_i 



TAJo 



Example when the contents of the reload register is 0004i6 



Fig. 23 Example when trigger is re-Issued during pulse output 
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(4) Pulse width modulation mode [11] 

Figure 24 shows the bit configuration of the timer Aj mode 
register during pulse width modulation mode. In pulse 
width modulation mode, bits 0, 1, and 2 must be set to "1". 
Bit 5 is used to determine whether to perform 16-bit length 
pulse width modulator or 8-bit length pulse width modula- 
tor. 16-bit length pulse width modulator is performed when 
bit 5 is "0" and 8-bit length pulse width modulator is per- 
formed when it is "1". The 16-bit length pulse width mod- 
ulator is described first. 

The pulse width modulator can be started with a software 
trigger or with an input signal from a TAJin pin (external 
trigger). 

The software trigger mode is selected when bit 4 is "0". 
Pulse width modulator is started and pulse is output from 
TAjouT when the timer Aj start flag is set to "1". 
The external trigger mode is selected when bit 4 is "1". 
Pulse width modulator starts when a trigger signal is input 
from the TAJin pin when the timer Aj start flag is "1". 
Whether to trigger at the fall or rise of the trigger signal is 
deterniined by bit 3. The trigger is at the fall of the trigger 
signal when bit 3 is "0" and at the rise when it is "1". 
When data is written to timer A] with the pulse width mod- 
ulator while it is not operating, it is written to the reload 
register and the counter. 

Then when the timer Aj start flag is set to "1" and a soft- 
ware trigger or an external trigger is issued to start modula- 
tion, the waveform shown in Figure 25 is output continuous- 
ly. Once modulation is started, triggers are not accepted. If 
the value in the reload register is m, the duration "H" of 
pulse is 

1 



selected clock frequency 
and the output pulse period is 
1 



Xm. 



-X(2^' 



-1) 



selected clock frequency 
An interrupt request signal is generated and the interrupt 
request bit in the timer Aj interrupt control register is set at 
each fall of the output pulse. 

The width of the output pulse is changed by updating timer 
data. The update can be performed at any time. The output 
pulse width is changed at the rise of the pulse after data is 
written to the timer. The data is written to the reload regis- 
ter, but not to the counter. 

The contents of the reload register are transferred to the 
counter just before the rise of the next pulse so that the 
pulse width is changed from the next output pulse. 
Undefined data is read, when timer Aj is read. 
The 8-bit length pulse width modulator is described next. 
The 8-bit length pulse width modulator is selected when 
the timer Aj mode register bit 5 is "1". 
The reload register and the counter are both divided into 8- 
bit halves. 



The low order 8 bits function as a prescaler and the high 
order 8 bits function as the 8-bit length pulse width modula- 
tor. The prescaler counts the clock selected by bits 6 and 
7. A pulse is generated when the counter reaches OOOOie 
as shown in Figure 26. At the same time, the contents of 
the reload register is transferred to the counter and count is 
continued. 
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Address 
\ ■ 
Timer A2 mode register 58i6 

Timer A3 mode register 59i6 

Timer A4 mode register 5Ai6 



IXLJIUJJ 



-1 1 : Always "11" in pulse Width modulation mode 

1 : Always "1" in pulse wjdth modulation niode 

-0 X : Software trigger 
1 : Trigger at the falling of TAJin input 
11: Trigger at the rising of TAJin input 

- : 16-bit pulse width modulator 
1 : 8-bit pulse width modulator 

- Clock source selection bit 
: Select fa 

1 : Select fi6 

1 : Select f64 

1 1 : Select f5i2 



Fig.24 



Timer Aj mode register bit configuration during 
pulse width modulation mode 
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Therefore, if the low order 8-bit of the reload register is n, the length is 8 bits. If the high order 8-bit of the reload reg- 



the period of the generated pulse is 

— . , ^ . , , X(n+1). 

selected clock frequency 



ister is m, the duration "H" of pulse is 
1 



selected clock frequency 
The high order 8-bit function as an 8-bit length pulse width And the output pulse period is 

modulator using this pulse as input. The operation is the __! 

same as for 16-bit length pulse width modulator except that selected clock frequency 



X(n+l)Xm. 



X(n+l)X(2«-l). 



1/fiX(2^S-1) 


1 

1 

Selected clock 1 11 11 nni IFll |i ' 

source fj i i 

1 


1 
1 

r-1 1 — 1 — 1 r— 1 1 — 1 1 — 1 1 — I 1 — 1 

1 1 

1 1 

1 L_J 1 1 1 1 1 1 1 1 1 1 1 


(In case of the T , I \J 
rising edge) 1 |\ j^ls trigger I5 not accepted 

' 1/fiX(m) 

^ ^ 


TAJouT 


Example when the contents of the reload register is 0003i6 



Fig.25 16-bit length pulse width modulator output pulse example 



Selected clock 
source fj 

TAj.N 

(in case of the 

falling edge) 

Prescaler output 
(when n=2) 

8-bit length pulse 
width modulator 
output 
(when m=2) 


\ 


1 l/fjX (n+1) X (2«-1) 


1 ' 


1*" 
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1 1 
1 1 
1 1 
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1 
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Fig.26 8-bit length pulse width modulator output pulse example 
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TIMER B 

Figure 27 shows a block diagram of timer B. ' 

Timer B has three modes; timer mode, event counter mode, and 

pulse period measurement/pulse width measurement mode. The 

mode is selected with bits and 1 of the timer Bi mode 

register (i = to 2) . Each of these modes is described 

below. 

(1) Timer mode [00] 

Figure 28 shows the bit configuration of the timer Bi mode 
register during timer mode. Bits 0, and 1 of the timer Bi 
mode register must always be "0" in timer mode. 
Bits 6 and 7 ^re used to select the clock source. The 
counting of the selected clock starts when the count start 
flag "1" and stops when "0". 



As shown in Figure 13, the timer Bi count start flag is at the 

same address as the timer Ai count start flag. The count is 

decremented, an interrupt occurs, and the interrupt request 

bit in the timer Bi interrupt control register is set when the 

contents becomes OOOOie- At the same time, the contents of 

the reload register is stored in the counter and count is 

continued. 

Timer Bi does not have a pulse output function or a gate 

function like timer A. 

When data is written to timer Bi while it is not operating, it 

is written to the reload register and the counter. When data 

is written to timer Bi while it is operating, the data is written 

to the reload register, but not to the counter. The counter is 

reloaded with new data from the reload register at the next 

reload time. 

The contents of the counter can be read at any time. As 

timer B2 does not have the TB|n pin, be sure to use the 

timer mode. 



Data bus(odd) 



Clock source selection 



► Timer 
Pulse period measurement/ 
pulse width measurement 

— ^ o 



Data bus( even) 



:i2- 



( Lower 8 bits) 



<^ 



(Uppers bits) 



Reload register(l6) 

7^ 



Polarity selection 

TBjiN O— ^"^ ®^9® P"'®® 
(j=0, 1) generator 



Event counter 



1^ 



7^ 



-SZ 



Counter(16) 



l\\ 



Count start flag 



(Address 40i6) 



Counter reset 
circuit 



Address 
Timer BO 51 16 50i6 
Timer 81 53i6 52i6 
Timer 82 55i6 54i6 



Fig. 27 Timer B block diagram 
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(2) Event counter mode [01] 

Figure 29 shows the bit configuration of the timer Bj(j = 0, 
1) mode register during event counter mode. In event 
counter mode, the bit in the tiimer Bj mode register must 
be "1" and bit 1 must be "0". The input signal from the 
TBjiN pin Is counted when the count start flag is "1" and 
counting is stopped when it is "0". 
Count is performed at the fall of the input signal when bits 

2 and 3 are "0", and at the rise of the input signal when bit 

3 is "0" and bit 2 Is "1". 

When bit 3 Is "1" and bit 2 is "0", count is performed at the 
rise and fall of the input signal. 

Data write, data read and timer interrupt are performed In 
the same way as for timer mode. 

(3) Pulse period measurement/pulse width 
measurement mode [10] 

Figure 30 shows the bit configuration of the timer Bj mode 
register during pulse period measurement/pulse width 
measurement mode. 

In pulse period measurement/pulse width measurement 
mode, bit must be "0" and bit 1 must be "1". Bits 6 and 7 
are used to select the clock source. The selected clock Is 
counted when the count start flag is "1 " and counting stops 
when it is "0". 

The pulse period measurement mode Is selected when bit 
3 is "0". In pulse period measurement mode, the selected 
clock Is counted during the interval starting at the fall of the 
Input signal from the TBJin pin to the next fall or at the rise 
of the input signal to the next rise and the result is stored in 
the reload register. In this case, the reload register acts as 
a buffer register. 

When bit 2 Is "0", the clock is counted from the fall of the 
input signal to the next fall. When bit 2 Is "1", the clock is 
counted from the rise of the input signal to the next rise. 
In the case of counting from the fall of the input signal to 
the next fall, counting is performed as follows. As shown in 
Figure 31, when the fall of .the input signal from TBJin pin is 
detected, the contents of the counter is transferred to the 
reload register. Next the counter Is cleared and count Is 
started from the next clock. When the fall of the next Input 
signal is detected, the contents of the counter is transferred 
to the reload register once more, the counter is cleared, 
and the count is started. The period from the fall of the in- 
put signal to the next fall is measured in this way. 



7 6 5 4 3 2 10 


Address 
Timer BO mode register 5Bi6 ' 
Timer 81 mode register 5Ci6 
^ Timer B2 mode register 5Di6 




1 1 1 Mxixlolol 














1 1 


: Always "00" in timer mode 

XX : Not used in timer mode and 

may be any 
Timer Bi overflow flag 
















: Select fa 

1 : Select Ue 

1 : Select f64 

1 1 : Select f5i2 





Fig. 28 Timer Bi mode register bit configuration during 
timer mode 
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><|x|.M l,i?h,l 



Address 
Timer BO mode register 5B 
Timer B1 mode register 5C 



:) 



-0 1! Always "01" in event counter 

mode 
-CO! Count at the falling edge of 

input signal 

1 '. Count at the rising edge of input 

signal 

1 ; Count at the both falling edge 

and rising edge of input signal 
- Timer Bj overflow flag 
-XX : Not used in event counter mode 



Fig. 29 Timer Bj mode register bit configuration during 
event counter mode 
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H 



1 



Address 
Timer BO mode register 5Bi6 
Timer B1 mode register 5Ci6 



Always "10" in pulse period measure- 
ment/pulse width measurement niode 



-0 



Count from the falling edge of Input 
signal to the next falling one 

1 : Count from the rising edge of input 

signal to the next rising one 

1 '. Count from the falling edge of input 

signal to the next rising one and from 
the rising edge to the next falling one 

-Timer Bj overflow flag 

-Clock source selection 
: Select fg 

1 : Select fi6 
.1 : Select f64 

1 1 : Select fsi 2 



Fig.30 Timer Bj mode register bit configuration during 
pulse period measurement/pulse width 
measurement mode 
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After the contents of the counter is transferred to the reload 
register, an interrupt request signal is generated and the 
interrupt request bit in the timer Bj interrupt control register 
is set. However, no interrupt request signal is generated 
when the contents of the counter is transferred first time to 
the reload register after the count start flag is set to "1". 
When bit 3 is "1", the pulse width measurement mode is 
selected. Pulse width measurement mode is similar to 
pulse period measurement mode except that clock is 
counted from the fall of the TBJin pin input signal to the next 
rise or from the rise of the input signal to the next fall as 



shown in Figure 32. 

When timer Bj is read, the contents of the reload register is 
read. 

Note that in this mode, the interval between the fall of the 
TBJiN pin input signal to the next rise or from the rise to the 
next fall must be at least two cycles of the timer count 
source. 

Timer Bi overflow flag which is bit 5 of timer Bi mode regis- 
ter is set to "1" when the timer Bi counter reach OOOOie- 
This flag is cleared by writing to corresponding timer Bi 
mode register. 



Selected clock source fi 



rLnjirumjmmTiuiJuifuiri^^ 

TBjiN — ^ I 






t 



Reload register -- counter 



Counter '— 



Count start flag 



Interrupt request signal 



I I 



it 



I I 

n- 



h. 



JL 



ir 



Fig.31 Pulse period measurement mode operation 

(example of measuring the Interval between the falling edge to next falling one) 



Selected clock source 



TBj, 



'- rinjirninnnJinfLjmRjin^ 



1 



Reload register '— counter 
Counter ^ 

Count start flag 
Interrupt request signal 



Jt_4 



I I 



1. 

jL_rL_ 
ji n_ 



Ir 



ir~ir" 



Flg.32 Pulse width measurement mode operation 
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SERIAL I/O PORTS 

Two independent serial I/O ports are provided. 
Figure 33 siiows a block diagram of the serial I/O ports. 
Bits 0, 1. and 2 of the UARTi(i = 0, 1) Transmit/Receive 
mode register shown in Figure 34 are used to determine 
whether to use port P8 as parallel port, clock synchronous 
serial I/O, port, or asynchronous (UART) serial I/O port us- 



ing start and stop bits. 

Figures 35 and 36 show connections of receiver/transmitter 

according to the mode. 

Figure 37 shows the bit configuration of the UARTi transmit/ 

receive control register. 

Each communication method is described below. 



ZL 



I 



|o I I I I I I |D8|D7|D6|D5|D4|D3|D2[Di[Doi Receive buffer register 



RxDj 

o 



UARTO (Addresses 37i6 and SBie) 
UART1 (Addresses 3Fi6 and SEie) 



\ Receive register | 



tUART receive 



Clock synchronous r" 



Clock source selection Bit rate register . ^| 

f U ARTO( Address 31 16 )'Hi^!6Dividerj- 

fl6 -O 

Ua -o 
h^2 — 



Clock synchronous [_ 



UARTK Address 39i6) 
Internal 



Mi 



I Receive clock 



UART transmission 

^control 



CLKi O— 
CTSi/RTSi 

O- 



£^ External** 

Clock synchronous( Internal clock) 

-<F 



Transmission clock 



. TxDi 

I Transmission register | — Q 



psDr De Ps D, 



D3|d2|Di|Do] Transmission buffer register 



UARTO (Addresses 33i6 and 32i6) 
UARTI (Addresses 3Bi6 and 3Ai6) 



Data bus (even) 



Fig.33 Serial I/O port block diagram 



7 6 5 4 3 2 1 Address 

11 I I II — I — I — I r UARTO Transmit/Receive mode register 30i6^ 



UARTI Transmit/Receive mode register 38i6'' 
Serial communication method selection bit 
goo: Parallel port 

1 : Clock synchronous 

1 : 7-bit UART 
1 1 : 8-bit UART 
1 1 : 9-bit UART 

Internal clock/External clock selection bit 

; Internal clock 

1 I External clock 

Stop bit length selection bit 

: 1 stop bit 

1 : 2 stop bits 
Even/Odd parity selection bit 

: Odd parity 

1 , .' Even parity 

Parity enable selection bit 

: No parity 

1 : With parity 
Sleep selection bit 

.' No sleep 

1 : Sleep 



Frg.34 UARTi Transmit/Receive mode register bit 
configuration 
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iiiiiis^^^^^^^^ 



W 



D7 



RxDj 

a 



stop i^ Stop 



"1 Parity 



7-bit 
8-bit 
9-bit 



8-bit 

9-bit 
Synchro- 
nous 



7-bit I 7- 



D4 



Di Do 



Qoa-n 



(Receive buff- 
er register 



Receive 
register 



8-bit Synch ronous 
Synchronous 



Fig.35 Receiver block diagram 



mmmm^mmmmmmmmmmmmmmimmsms^^ liiii 



llil 



iiiliilM 



2 stop bits Parity 7-bit 



7-bit 
.9-bit 
Synchro- 



s-bit ""0"s I i nous 



No p 
parity 



8-bit 
9-bit 
Synchro- 



°"^1I>11I^T@^^^ 



N 



Di 



n ^Transmission 
EiJt 



J buffer register 



TxDi 



Transmission 
register 



Fig.36 Transmitter blocic diagram 
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Address 
I'UARTO transmit/receive control register 34^e^ 
L UART1 transmit/receive control registisr 3Ci6'^ 

- Clock source selection 
: Select h 

1 : Select fi6 

1 : Select f64 

1 1 : Select f5i2 
~ CTS, RTS selection bit 

'.Select CTS 

1 : Select RTS 
—Transmission register empty flag 

Address 
rUARTO transmit/receive control register 1 35i6^ 
lUARTt transmit/ receive control register 1 

-Transmit enable flag 

-Transmit buffer empty flag 

-Receive enable flag 

-Receive completion flag 

-Overrun error flag 

- Framing error flag 

- Parity error flag 
—Error sum flag 



r1 35i6> 
r1 3Di6J 



Fig.37 UARTi Transmit/Receive control register bit configuration 
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CLOCK SYNCHRONOUS SERIAL 
COMMUNICATION 

A case where communication is performed between two 
clock synchronous serial I/O ports as shows in Figure 38 
will be described. (The transmission side will be denoted 
by subscript j and the receiving side will be denoted by 
subscript k.) 

Bit of the UARTj transmit/receive mode register and 
UARTk transmit/receive mode register must be set to "1" 
and bits 1 and 2 must be "0". The length of the transmission 
data is fixed at 8 bits. 

Bit 3 of the UARTj transmit/receive mode register of the 
clock sending side is cleared to "0" to select the internal 
clock. Bit 3 of the UARTk transmit/receive mode register of 
the clock receiving side is set to "1" to select the external 
clock. Bits 4, 5 and 6 are ignored in clock synchronous 
mode. Bit 7 must always be "0". 

The clock source is selected by bit (CSq) and bit 1 
(CSi) of the clock sending side UARTj transmit/ receive 
control register 0. As shown in Figure 33, the selected 
clock is divided by (n + D, then by 2, passed through a 
transmission control circuit, and output as transmission 
clock CLKj. Therefore, when the selected clock is fi, 

Bit Rate=fl/ |(n+l)X2l 
On the clock receiving side, the CSq and CSi bits of the 
UARTk transmit/receive control register are ignored be- 
cause an external clock is selected. 

The bit 2 of the clock sending side UARTj transmit/receive 
control register is clear to "0" to select CTSJ input. The bit 
2 of the clock receiving side is set to "1" to select RTSk 
output. CTS, and RTS signals are described later. 

Transmission 

Transmission is started when the bit (TEj flag) of UARTj 
transmit/receive control register 1 is "1", bit 1 is (TIj flag) 
of one is "0", and OTSj input is "L". As shown in Figure 39, 
data is output from TxDj pin when transmission clock CLKj 
changes from "H" to "L". The data is output from the least 
significant bit. 

The TIj flag indicates whether the transmission buffer regis- 
ter is empty or not. It is cleared to "0" when data is written 
in the transmission buffer register and set to "1" when the 
contents of the transmission buffer register is transferred to 
the transmission register. 

When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati- 
cally from the transmission buffer register to the transmis- 
sion register if the next transmission start condition is satis- 
fied. If the bit 2 of UARTj transmit/receive control register 
is "1", OTSj input is ignored and transmission start is con- 
trolled only by the TEj flag and TIj flag. Once transmission 
has started, the TEj flag, TIj flag, and OTSj signals are 
ignored unit data transmission completes. Therefore, trans- 
mission is not interi'upt when OTSj input is changed to "H" 



during transmission. 

The transmission start condition indicated by TEj flag, TIj 
flag, and OTSj is checked while the Tendj signal shown in 
Figure 39 is "H". Therefore, data can be transmitted con- 
tinuously if the next transmission data Is written in the trans- 
mission buffer register and TIj flag is cleared to "0" before 
the Tendj signal goes "H". 

The bit 3 (TxEPTYj flag) of UARTj transmit/receive control 
register changes to "1" at the next cycle after the Tendj 
signal goes "H" and changes to "0" when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmission has completed. 
When the TIj flag changes from "0" to "1", the interrupt re- 
quest bit in the UARTj transmission interrupt control regis- 
ter is set to "1". 

Receive 

Receive starts when the bit 2 (REk flag) of UARTk trans- 
mit/receive control register 1 is set to "1". 
The RTSk output is "H" when the REk flag is "0" and goes 
"L" when the REk flag changed to "1". It goes back to "H" 
when receive starts. Therefore, the RTSk output can be 
used to determine whether the receive register is ready to 
receive. It is ready when RTSk output is "L". 
The data from the RxDk pin is retrieved and the contents of 
the receive register Is shifted by 1 bit each time the trans- 
mission clock CLKj changes from "L" to "H". When an 8-bit 
data is received, the contents of the receive register is 
transferred to the receive buffer register and the bit 3 (RIk 
flag) of UARTk transmit/receive control register 1 is set to 
"1". In other words, the setting of the RIk flag indicates that 
the receive buffer register contains the received data. At 
this point, RTSk output goes "L" to indicate that the next 
data can be received. When the RIk- flag changes from "0" 
to "1", the interrupt request bit in the UARTk receive inter- 
rupt control register is set to "1". Bit 4 (OERk flag) of 
UARTk transmit/receive control register is set to "1" when 
the next data is transferred from the receive register to the 
receive buffer register while RIk flag is "1", and indicates 
that the next data was transferred to the receive register 
before the contents of the receive buffer register was read. 
RIk and OERk flags are cleared automatically to "0" when 
the loworder byte of the receive buffer register is read. The 
OERk flag is also cleared when the REk flag is cleared. Bit 
5 (FERk flag), bit 6 (PERk flag), and bit 7 (SUMk flag) are 
ignored in clock synchronous mode. 

As shown in Figure 33, with clock synchronous serial com- 
munication, -data cannot be received unless the transmitter 
is operating because the receive clock is created from the 
transmission clock. Therefore, the transmitter must be oper- 
ating even when there is no data to be sent from UARTk to 
UARTj. 
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Fig.38 Clock synchronous serial communication 
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ASYNCHRONOUS SERIAL 
COMMUNICATION 

Asynchronous serial communication can be performed us- 
ing 7-, 8-, or 9-bit Jengtli data. Tlie operation is tlie same 
for ail data lengths. The following is the description for 8-bit 
asynchronous communication. 

With 8-blt asynchronous communication, the bit of UARTi 
transmit/receive mode register is "1", the bit 1 is "0", and 
the bit 2 is"1". 

Bit 3 is used to select an internal clock or an external 
clock. If bit 3 is "0", an internal clock is selected and if bit 3 
is "1", then external clock is selected. If an internal clock is 
selected, the bit (CSo) and bit 1 (CSi) of UARTi trans- 
mit/receive control register are used to select the clock 
source. When an internal clock is selected for asynchro- 
nous serial communication, the CLK pin can be used as a 



normal I/O pin. 

The selected internal or external clock is divided by (nH-l), 
then by 16, and passed through a control circuit to create 
the DART transmission clock or UART receive clock. 
Therefore, the transmission speed can be changed by 
changing the contents n of the bit rate generator. If the 
selected clock is an internal clock fi or an external clock 

^EXTi 

Bit Rate=(fi orfExi)/ l(n+l)X16l 
Bit 4 is the stop bit length selection bit to select 1 stop bit 
or 2 stop bits. 

The bit 5 is a selectiion bit of odd parity or even parity. 
In the odd parity mode, the parity bit is adjusted so that the 
sum of the 1's in the data and parity bit is always odd. 
In the even parity mode, the parity bit is adjusted so that 
the sum of the 1's in the data and parity bit is always even. 
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Flg.40 Transmit timing exampie when 8-bit asyncinronous communication witin parity and 1 stop bit is seiected 
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Fig.41 Transmit timing example when 9-bit asynchronous communication with no parity and 2 stop bits is seiected 
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Bit 6 is parity bit selection bit whicii indicates whether to 
add parity bit or not. 

Bits 4 to 6 should be set or reset according to the data for- 
mat of the communicating devices. 

Bit 7 is the sleep selection bit. The sleep mode is de- 
scribed later. 

The UARTi transmit/receive control register bit 2 is used 
to determine whether to use CTSj input or RTSj output. 
CTSj input used if bit 2 is "0" and RTSj output is used if bit 
2 i s"1" . 

If CTSj input is selected, the user can control whether to 
stop or start transmission by external CTSj input. RTSj will 
be described later. 

Transmission 

Transmission is started when the bit (TEj flag) of UARTi 
transmit/receive control register 1 is "1", the bit 1 (Tlj flag) 
is "0", and CTSj input is "L" if CTSj input is selected. As 
shown in Figure 40 and 41, data is output from the TxDj pin 
with the stop bit and parity bit specified by the bits 4 to 6 of 
UARTi transmit/receive mode register bits. The data is out- 
put from the least significant bit. 

The Tlj flag indicates whether the transmission buffer is 
empty or not. It is cleared to "0" when data is written in the 
transmission buffer and set to "1" when the contents of the 
transmission buffer register is transferred to the transmis- 
sion register. 

When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati- 
cally from the transmission buffer register to the transmis- 
sion register if the next transmission start condition is satis- 
fied. 



Once transmission has started, the TEj flag, Tlj flag, and 
CTSj signal (if CTSj input is selected) dre ignored until 
data transmission is completed. 

Therefore, transmission does not stop until it completes 
even if the TEj flag is cleared during transmission. 
The transmission start condition indicated by TEj flag, Tlj 
flag, and CTSj is checked while the Tendi signal shown in 
Figure 40 is "H". Therefore, data can be transmitted con^ 
tinuously if the next transmission data is written in the trans- 
mission buffer register and Tlj flag is cleared to before 
the Tendi signal goes "H". 

The bit 3 (TxEPTYj flag) of UARTi transmit/receive control 
register changes to "1" at the next cycle after the Tendi 
signal goes "H" and changes to "0" when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmission is completed. 
When the Tlj flag changes from "0" to "1", the interrupt re- 
quest bit in the UARTi transmission interrupt control regis- 
ter is set to "1". 

Receive 

Receive is enabled when the bit 2 (REj flag) of UARTi 
transmit/receive control register 1 is set. As shown in Fi- 
gure 42, the frequency divider circuit at the receiving end 
begin to work when a start bit is arrived and the data is re- 
ceived. 
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Fig.42 Receive timing example wiien 8-bit asynchronous communication with no parity and 1 stop bit is seiected 
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It RTSj output is selected by setting the bit 2 of UARTI 
transmit/receive control register to "1", the RTSj output is 
"H" when the REj flag is "0". When the REj flag changes to 
"1", the RTSj output goes "L" to Indicate receive ready and 
returns to "H" once receive has started. In other words, 
RTSj output can be used to determine externally whether 
the receive register is ready to receive. 
The entire transmission data bits are received when the 
start bit passes the final bit of the receive block shown in 
Figure 35. At this point, the contents of the receive register 
is transferred to the receive buffer register and the bit 3 of 
UARTI transmit/receive control register 1 is set. In other 
words, the Rlj flag indicates that the receive buffer register 
contains data when it is set. If RTSj output is selected, RTSj 
output goes "L" to indicate that the register is ready to re- 
ceive the next data. 

The interrupt request bit in the UARTI receive interrupt 
control register is set when the Rlj flag changes from "0" to 
"1". 

The bit 4 (OERj flag) of UARTi transmission control register 
1 is set when the next data is transferred from the receive 
register to the receive buffer register while the Rlj flag is 
"1". In other words when an overrun error occurs. If the 
OERj flag is "1", it indicates that the next data has been 
transferred to the receive buffer register before the con- 
tents of the receive buffer register has been read. Bit 5 
(FER| flag) is set when the number of stop bits is less than 
required (framing error). 

Bit 6 (PERj flag) is set when a parity error occurs. 
Bit 7 (SUMj flag) is set when either the OERj flag, FERj 
flag, or the PERj flag is set. Therefore, the SUMj flag can 
be used to determine whether there is an error. 
The setting of the Rlj flag, OERj flag, FERj flag, and the 
PERj flag is performed while transferring the contents of 
the receive register to the receive buffer register. The Rlj, 
OERj, FERj, and SUMj flags are cleared when the low 
order byte of the receive buffer register is read or when 
the REj flag is cleared. 

Sleep mode 

The sleep mode is used to communicate only between cer- 
tain microcomputers when multiple microcomputers are 
connected through serial I/O. 

The sleep mode is entered when the bit 7 of UARTi trans- 
mit/receive mode register is set. 

The operation of the sleep mode for an 8-bit asynchronous 
communication is described below. 

When sleep mode is selected, the contents of the receive 
register is not transferred to the receive buffer register if 
bit 7 (bit 6 if 7-bit asynchronous communication and bit 8 if 
9-bit asynchronous communication) of the received data is 
"0". Also the Rlj, OERj, FERj, and the SUMj flag are un- 
changed. Therefore, the interrupt request bit of the UARTi 
receive interrupt control register is also unchanged. 



Normal receive operation takes place when bit 7 of the re- 
ceived data is "1". 

The following is an example of how the sleep mode can be 
used. 

The main microcomputer first sends data with bit 7 set to 
"1" and bits to 6 set to the address of the subordinate 
microcomputer which wants to communicate with. Then all 
subordinate microcomputers receive the same data. Each 
subordinate microcomputer checks the received data with 
software, clears the sleep bit if bits to 6 are its own 
address and sets the sleep bit if not. Next the main micro- 
computer Sends data with bit 7 cleared. Then the micro- 
computer with the sleep bit cleared will receive the data, 
but the microcomputer with the sleep bit set will not. In this 
way, the main microcomputer is able to communicate with 
only the designated microcomputer. 
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A-D CONVERTER 

The A-D converter is an 8-bit successive approximation 
converter. 

Figure 43 shows a block diagram of the A-D converter and 
Figure 44 shows the bit configuration of the A-D control 
register. The frequency of the A-D converter operating 
clock 0AD is selected by the bit 7 of the A-D control regis- 
ter. When bit 7 is "0", 0ad is the clock frequency divided by 
8. That is 9^AD=f(XiN)/8. When bit 7 is "1", 0ad is the clock 
frequency divided by 4 and 0ad is=f(XiN)/4. The 0ad dur- 
ing A-D conversion must be 250KHz minimum because the 
comparator consists of a capacity coupling amplifier. 
The operating mode is selected by the bits 3 and 4 of A-D 
control register. The available operating modes are one- 
shot, repeat, single sweep, and repeat sweep. 
The bit of data direction register bit corresponding to the 
A-D converter pin must be "0" (input mode) because the 
analog input port is shared with port P7. 
The operation of each mode is described below. 



7 6 5 4 3 2 10 



Address 
A-b control register ^'^^^ 

Analog input selection bit 
: Select -ANo 
1 : Select ANi 

1 : Select AN2 
Oil: Select AN3 
100: Select AN4 
101: Select AN5 

1 1 : Select ANe 
111: Select AN7 

■ A-D operation mode selection bit 
: One-shot mode 

1 : Repeat mode 

1 '. Single sweep mode 

1 1 : Repeat sweep mode 
Trigger selection bit 

: Sofware trigger 

1 : ADtrg input trigger 

- A-D conversion start flag 

'. Stop A-D conversion 

1 : Start A-D conversion 

- Frequency selection flag 

: Select f(X,N)/8 

1 : Select f(X,N)/4 



Flg.44 A-D control register bit configuration 
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(1) One-shot mode [00] 

The A-D conversion pins are selected with the bit to 2 of 
A-D control register. A-D conversion can be started by a. 
software trigger or by an external trigger. 
A software trigger is selected when the bit 5 of A-D control 
register is "0" and an external trigger is selected when it is 
"1". 

When a software trigger is selected, A-D conversion is 
started when bit 6 (A-D conversion start flag) is set. A-D 
conversion ends after 57 ^ad cycles and an interrupt re- 
quest bit is set in the A-D conversion interrupt control reg- 
ister. At the same time, A-D control register bit 6 (A-D con- 
version start flag) is cleared and A-D conversion stops. The 
result of A-D conversion is stored in the A-D register cor- 
responding to the selected pin. 

If an external trigger is selected, A-D conversion starts 
when the A-D conversion start flag is "1" and the ADjrg in- 
put changes from "H" to "L". In this case, the pins that can 
be used for A-D conversion are ANq to ANe because the 
ADtrg pin is shared with the analog voltage input pin AN7. 
The operation is the same as with software trigger except 
that the A-D conversion start flag is not cleared after A-D 
conversion and a retrigger can be available during A-D 
conversion. 



start flag) is set. When A-D conversion of all selected pins 
end, an Interrupt bit is set In the A-D conversion interrupt 
control register. At the same time, A-D control register bit 6 
(A-D conversion start flag) is cleared and A-D conversion 
stops. 

When an external trigger is selected, A-D conversion starts 
when the A-D conversion start flag is "1" and the ADjrg in- 
put changes from "H" to "L". In this case, the A-D conver- 
sion result of the trigger input itself is stored in the A-D 
register 7 because the ADjrg pin is shared with AN7 pin. 
The operation is the same as done by software trigger ex- 
cept that the A-D conversion start flag is not cleared after 
A-D conversion and a retrigger can be available during A-D 
conversion. 

(4) Repeat sweep mode [11] 

The difference with the single sweep mode is that A-D 
conversion dose not stop after converting from the ANq pin 
to the selected pins, but repeats again from the ANq pin. 
The repeat is performed among the selected pins. Also, no 
interrupt request is generated. Furthermore, if software trig- 
ger is selected, the A-D conversion start flag is not cleared. 
The A-D register can be read at any time. 



(2) Repeat mode [01] 

The operation of this mode is the same as the operation of 
one-shot mode except that when A-D conversion of the 
selected pin is complete and the result is stored in the A-D 
register, conversion dose not stop, but is repeated. Atso, no 
interrupt request is issued in this mode. Furthermore, if 
software trigger is selected, the A-D conversion start flag is 
not cleared. The contents of the A-D register can be read 
at any time. 

(3) Single sweep mode [10] 

In the sweep mode, the number of analog input pins to be 

swept can be selected. Analog input pins are selected by 

bits 1 and of the A-D sweep pin selection register 

(address IFie) shown in Figure 45. Two pins, four pins, six 

pins, or eight pins can be selected as analog input pins, 

depending on the contents of these bits. 

A-D conversion is performed only for selected input pins. 

After A-D conversion is performed for input of ANq pin, the 

conversion result is stored in A-D register 0, and in the 

same way, A-D conversion is performed for selected pins 

one after another. After A-D conversion is performed for all 

selected pins, the sweep is stopped. 

A-D conversion can be started with a software trigger or 

with an external trigger input. A software trigger is selected 

when bit 5 is "0" and an external trigger is selected when it 

is"1". 

When a software trigger is selected, A-D conversion is 

started when A-D control register bit 6 (A-D conversion 



ixixixixixiyi 



A-D sweep pin 
selection register 



Address 

1Fi6 



-0 : ANo, ANi (2 pins) 

1 : ANo~AN3 (4 pins) 

1 : ANo-ANs (6 pins) 
1 1 : ANo~AN7 (8 pins) 



Fig.45 A-D sweep pin selection register configuration 
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DMA CONTROLLER 

The DMA (direct memory access) controller is a 4-channel 
controller that is provided to carry out data transfer from 
memory to memory, memory to I/O, or I/O to memory at 
high speed without using the CPU. 

Figure 46 shows the DMA controller block diagram. Figure 
47 shows the DMA control related register memory map. 
Figure 48 shows the DMAC control register bit configura- 
tion. 

The DMAC control register consists of 16 bits. Bit is a 
priority selection bit and bit 1 is a terminal count TC pin 
validity bit. Bits 4 through 7 are DMA request flags. These 
bits can be read to determine whether DMA requests occur 
on individual channels. Bits 8 through 11 are software DMA 
request bits, and used to be occured the DMA request by 
software. Bits 12 through 15 are DMA permission bits. The 



DMA request is accepted only when the DMA permission 
bits are "1". All these bits default to upon resetting. 
Figure 49 shows the DMAi control register (i==0 to 3) bit 
configuration. Each channel of the DMAi control register 
consists of 8 bits. Bits through 3 are used for DMA re- 
quest source selection. 

Bit 4 determines whether the edge or level sensing func- 
tion is to be used for selecting the source of the request 
from the DMA request input DMAREQi pin. Bit 5 is a DMA 
acknowledge output DMAACKi pin validity bit. When this 
bit is "0", the DMAACKi pin is invalid. When the bit is "1", 
on the other hand, the pin is valid. 

Figure 50 shows the DMAi mode register bit configuration. 
Each channel of the DMAi mode register (i = to 3) con- 
sists of 16 bits. Further details are given below. 



Address bus 



Decrementer 



I Transmit counter register TCRO/transmit block counter TBCO 



Transmit counter register TCR1 /transmit block counter TBC1 



Transmit counter register TCR2/transmit block counter TBC2 



Transmit counter register TCR3/transmit block counter TBC3 



C 



'■;;;^300:00^i§lfi!0^m::l 



1^ 



1^ 






Incrementer/decrementer 



sz 



■ Source address register SARO/transmit parameter register TPRO 



Source address register SARI /transmit parameter register TPR1 



Destination address register DAR2 



Destination address register DAR3 



DMA latch iiigli order 
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DMA latch low order 



3f 
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sissii^ssiS' 
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Destination address register DARO 



Destination address register DAR1 



Source address register SAR2/transmit parameter register TPR2 



Source address register SAR3/transmit parametervregister TPR3 



3=) 



Iz. 



Fig.46 DMA controller block diagram 
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Address(Hexadeci 
000068 
000069 

001 FCO 
001 FC1 
001 FC2 
001 FC3 
001 FC4 
001 FC5 
001 FC6 
001 FC7 
001 FC8 
001 FC9 
001 FCA 
001 FCB 
001 FCC 
001 FCD 
001 FCE 
001 FCF 
001 FDO 
001 FD1 
001 FD2 
001 FD3 
001 FD4 
001 FD5 
001 FD6 
001 FD7 
001 FD8 
001 FD9 
001 FDA 
001 FDB 
001 FDC 
001 FDD 
001 FDE 
001 FDF 


mal notation) 


Address( Hexadecimal r 
001 FEO 
001 FE1 
001 FE2 
001 FE3 
001 FE4 
001 FES 
OOtFEG 
001 FE7 
001 FES 
001 FE9 
001 FEA 
001 FEB 
001 FEC 
001 FED 
001 FEE 
001 FEF 
001 FFO 

001 FF1 
001 FF2 

001 FF3 
001 FF4 
001 FF5 
001 FF6 
001 FF7 
001 FF8 
001 FF9 
001 FFA 
001 FFB 
001 FFC 
001 FFD 
001 FFE 
001 FFF 






DMAC control register L 




DMAC control register H 




otation) 




Source address register L 


Source address register 2 L 




Source address register M 


Source address register 2 M 


Source address register H 


Source address register 2 H 






Destination address register L 


Destination address register 2 L 


Destination address register M 


Destination address register 2 M 


Destination address register H 


Destination address register 2 H 






Transmit counter register L 


Transmit counter register 2 L 


Transmit counter register M 


Transmit counter register 2 M 


Transmit counter register H 


Transmit counter register 2 H 






DMAO mode register L 


DMA2 mode register L 


DMAO mode register H 


DMA2 mode register H 


DMAO control register 


DMA2 control register 






Source address register 1 L 


Source address register 3 L 


Source address register 1 M 


Source address register 3 M 


Source address register 1 H 


Source address register 3 H 






Destination address register 1 L 


Destination address register 3 L 


Destination address register 1 M 


Destination address register 3 M 


Destination address register 1 H 


Destination address register 3 H 






Transmit counter register 1 L 


Transmit counter register 3 L 


Transmit counter register 1 M 


Transmit counter register 3 M 


Transmit counter register 1 H 


Transmit counter register 3 H 






DMA1 mode register L 


DMAS mode register L 


DMA1 mode register H 


DMA3 mode register H 


DMA1 control register 


DMAS control register 













Fig.47 DMA controller related register map 
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15 14 13 12 11 10 9 



T m. - 

















DMAC control register H, L( addresses 69i6, BSie) 



Priority selection bit 

: Fixed 

1 : Rotative 

Terminal count pin validity bit 

: Invalid. PIO3 is a normal I/O port 

1 '. Valid. PI O3 functions as the TC pin 

DMA request flag 

: No request 

1 : Request 

Bit 4 : Channel 

Bit 5 : Channel 1 

Bit 6 : Channel 2 

Bit 7 : Channel 3 

Software DMA request bit 

The DMA request is generated when software DMA source i 

selected, and the value "1" Is written into this bit 

Bit 8 : Channel 

Bit 9 : Channel 1 

Bit 10 : Channel 2 

Bit 1 1 : Channel 3 

DMA permission bit 

: Prohibited. 

1 '. Permitted. 
Bit 12 : Channel 
Bit 13 : Channel 1 
Bit 14 : Channel 2 
Bit 15 : Channel 3 



Fig.48 DMAC control! register bit configuration 
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c 


) 


4 




3 




} 


1 









rDMAO control reolsterCaddress 1FCE.«^ 






K 


X 
















DMA1 control register(address 1 FDEie) 
DMA2 control register( address IFEEie) 
^DMA3 control register(address IFFEis)' 




































DMA request source selection bit 
0000: Prohibited. 


10 00 
10 1 
10 10 










: Timer BO 






1 : External source(DMAREQi). 
0010: Software DMA source. 


: Timer B1 
: Timer B2 






0011: Timer AO 


10 11 


: UARTO receive 






0100: Timer A1 


110 


: UARTO transmit 






10 1 : Timer A2 


110 1 


: UART1 receive 






Olio: Timer A3 


1110 


: UART1 transmit 






0111: Timer A4 


1111 


: A-D conversion 










cuye sense/ieyei sense seiecTion Dii 

: Edge sense 

1 : Level sense 







'. Invalid 

1 : Valid 



Fig.49 DMA! controll register bit configuration 
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Address 
DMAO mode register H, L IFCDie. 1FCCi6^ 
DMA1 mode register H, L IFDDie, IFDCie 
DMA2 mode register H, L IFEDie, IFECie 
DMA3 mode register H, L IFFDie, IFFC16 , 
Number-of-unlt-transfer-bits selection bit 

: 16 bits 

1 : 8 bits 

Transfer method selection bit 

: 2 bus cycle transfer 

1 '. 1 bus cycle transfer 

Transfer mode selection bit 

: Burst 

1 '- Cycle stealing 



(Spare) 

Transfer source address change direction selection bit 
: Fixed 

1 \ Forward 

1 '. Bacl<ward 
1 1 : Prohibited 

Transfer destination address change direction selection bit 
: Fixed 

1 ' Forward 

1 '. Backward 
1 1 : Prohibited 

Transfer direction selection bit(1 bus cycle transfer method) 

: From memory to I/O 

1 : From I/O to memory 
Always "0" at 2 bus cycle transfer 

I/O connection selection bit(1 bus cycle transfer method) 

'. Data bus low order 

1 : Data bus high order 

(Spare) 

Transfer source wait bit(DMA transfer method) 

: Wait 

1 '. No wait 

Transfer destination wait bit(DMA transfer method) 

: Wait 

1 1 No wait 

Continuous transfer mode selection bit 
.' Normal transfer 

1 '. Repeat transfer 

1 : Array chain transfer 

1 1 : Link array chain transfer 



Fig.50 DMAi mode register bit configuration 



MITSUBISHI 
lELECTRIC 



2-125 



MITSUBISHI MICROCOMPUTERS 

IVI37720S1FP,M37720S1AFP 

16-BIT CMOS MICROCOMPUTER 



Pin descrip t ions __ 

The DMAREQi, DMAACKi, and TC pins are used for DMA 
transfer. 



DMAREQi (i=0 to 3) is a DMA request input pin, and port 
P9i, P93, P95 and PQy share witli DMAREQO, DMAREQ1, 
DMAREQ2 and DMAREQ3 pins respectively, and used 
when a request for DMA transfer is made from external 
equipment. When the DMAi control register DMA request 
source selection bits (bits 3 through 0) are set to "0001", 
the input from this pin becomes the DMA request signal. To 
use the DMAREQi pin function, set the associated bit of the 
port P9 direction register to input. 

DMAACKi (i = to 3) is a DMA acknowledge output pin, 
and port P9o, P92, P94 and P96 share with DMAACKO, 
DMAACK1, DMAACK2 and DMAACK3 pins respectively. 
When bit 5 (DMAACKi validity bit) of the DMAi control reg- 
ister of each channel is set to "1", DMAACKi serves as the 



dedicated DMAACKi signal output pins. During DMA trans- 
fer, the operating channel acknowledge signal output is 
generated no matter whether the 1 bus transfer or 2 bus 
transfer method is employed. When the acknowledge sig- 
nal is not to be used, set the DMAACKi validity bit to "0" so 
that DMAACKi can be used as the I/O pin. 
TC is a terminal count pin and TC pin shares with port 
P103. When the value "1" is written at bit 1 of the DMA con- 
trol register, the TC pin takes effect. At this time, the TC 
pin serves as the N-channel open drain output terminal. 
When the transfer counter register or transfer block counter 
value is "0", the TC pin generates a one-cycle <p "L" level 
output. 

When the TC pin validity bit is "1", any ongoing channel 
DMA transfer can be stopped by changing the level of the 
input from the TC pin from "H" to "L". 

Data transfer method 

Two different data transfer method are used: two bus cycle 
transfer and one bus cycle transfer. The two bus cycle 
transfer method is effective for memory-to-memory data 
transfer, whereas the one bus cycle transfer method is 
effective for memory-to-l/0 or I/O to memory data transfer. 
Two transfer method are detailed below. 

(1) Two bus cycle transfer 

When bit 1 of the DMAi mode register shown in Figure 50 
is set to "0", the two bus cycle transfer method is selected. 
This method accomplishes one unit of transfer by perform- 
ing one reading bus cycle and one writing bus cycle. One 
unit of transfer refers to the number of bits that can be 
transferred by one DMA transfer operation. It is determined 
by bit of the DMAi mode register. When the bit is set to 
"0", one transfer unit consists of 16 bits (2 bytes). When 
the bit is "1", on the other hand, one transfer unit consists of 
8 bits (1 byte). 
At two bus cycle transfer, bit 8 of DMAi mode register must 



be"0". 

Figure 51 shows an example of two bus cycle transfer. In 
the reading cycle, the transfer source (memory 1) address 
is output to the address bus, its address data is read in 
one-transfer units, and stored in the DMA controller DMA 
data latch (16-bit). In the writing cycle, on the other hand, 
the transfer destination address is output to the address 
bus and the data stored in the DMA data latch is written at 
the transfer destination (memory 2) address. If the read/ 
write operation is not completed by one session, it is di- 
vided into two sessions (for details see under Bus cycle at 
DMA transfer). 

When two bus cycle transfer is effected in 16-bit units with 
an external bus width of 16 bits employed, the following op- 
erations cannot be performed. 

1. The transfer source and destination are DRAM, and an 
odd-numbered address designated as the first address for 
the backward transfer source address change direction. 

2. The transfer destination is DRAM, and an odd-numbered 
address designated as the first address for the backward 
transfer destination address change direction. 

(2) One bus cycle transfer 

When bit 1 of the DMAi mode register is set to "1", the one 
bus cycle transfer method is selected. 
When data transfer is to be made between I/O and mem- 
ory, this system reads from memory at the same time it 
writes into I/O, or vice versa, to carry out data transfer at 
high speed. Bit 8 of the DMAi mode register determines 
whether one bus cycle transfer is to be made from memory 
to I/O or from I/O to memory. When this bit is set to "0", 
data transfer is made from memory to I/O. When the bit is 
"1", on the other hand, data transfer is made from I/O to 
memory. 

Figures 52 through 55 show examples of one bus cycle 
transfer. Figure 52 shows a memory-to-l/0 DMA transfer in 
cases where the transfer is effected in 16-bit units with an 
external bus width of 16 bits employed. The memory 
(transfer source) address is output to the address bus. The 
R/W signal is "H", and the BLE and BHE signals are "L". 
The read operation is performed at both even- and odd- 
numbered addresses. This ensures that the memory data is 
read into the data bus high-order area (Ds^D^s) and low- 
order area (Do~D7). At the same time, chip selection is 
made in accordance with the acknowledge signal from the 
DMAACKi pin, and the data read from memory is directly 
acquired when the E signal level rises. In this manner, data 
is transferred from memory to I/O in one bus cycle. 
In data transfer from I/O to memory, chip selection is made 
according to the acknowledge signal from the DMAACKi 
pin and data is read into the data bus from I/O. At the same 
time, the memory (transfer destination) address is output to 
the address bus, and the R/W signal goes Low to write 
data into memory. To receive the one bus cycle transfer 
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service for DMA purposes, however, the external circuitry 
must be formed in such a manner that the read and write 
signal inputs for I/O are the reversal of the M37720S1 FP's 
read and write signal outputs. Figure 53 shows the data 
transfer data flow of Figure 52. 

When the address changes in forward direction, data 1 and 
data 2 are transferred to the l/O's 8 low-order bits and 8 
high-order bits, respectively, in the first cycle of DMA 
transfer. In the next cycle of DMA transfer, data 3 and data 
4 are transferred to the l/O's 8 low-order bits and 8 high- 
order bits, respectively. In this manner, the memory data 
are sequentially transferred to the I/O. 



If the address changes in backward direction, on the other 
hand, data 10 and data 9 are transferred to the l/O's 8 
high-order bits and 8 low-order bits, respectively, in the 
first DMA transfer cycle. 

When one bus cycle transfer is effected in 16-bit units with 
an external bus width of 16 bits employed, as shown in Fi- 
gure 52, 16 bits of data are simultaneously read into the 
data bus. Therefore, determine the transfer start address so 
that transfer begins with an even-numbered address when 
the address change mode is forward or that transfer begins 
with an odd-numbered address when the address change 
mode is backward. 
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Fig. 51 Two bus cycle transfer example 
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Figures 54 and 55 indicate tiie cases where transfer is 
made In 8-bit units with an external bus width of 16 bits 
employed. 

Figure 54 shows the cases where an external bus width of 
16 bits is employed with the I/O connected to the 8 low- 
order bits only. Connect the odd-numbered address 
memories to data bus high-order area (Ds^Dis) and the 
even-numbered address memories to data bus low-order 
area (Do'^Dy) . When data is transferred from an odd- 
numbered memory address to I/O, the data is read from 
the memory high-order to the data bus high-order. The 
read data first goes into the chip, is copied by the DMA 
controller to the data bus low-order, and then output out- 
side. Therefore, the data output to the data bus low-order is 
the same as that for the high-order. For the I/O, chip selec- 
tion is made according to the DMAACKi signal so that the 
data output to the data bus low-order is acquired. When 
data is transferred from an even-numbered address mem- 
ory to I/O, the data read from the memory low-order is 
directly acquired by the I/O. At this time, M37720S1FP data 
bus pins Do to Dy are floating. 
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Figure 55 shows the case where the I/O is connected to 
the 8 high-order bits only. When data is transferred from an 
odd-numbered memory address to I/O, the data read from 
the memory high-order is directly acquired by the I/O. At 
this time, M37720S1FP data bus pins Dg through D15 are 
floating. When data is transferred from an even-numbered 
memory address to I/O, the data is read from the memory 
low-order to the data bus low-order. The read data first 
goes into the chip, is copied by the DMA controller to the 
data bus high-order, and then output outside. The I/O ac- 
quires that data. In one bus cycle transfer, data bus pin (Do 
~D7, Ds^Dis) I/O changeover is automatically effected to 
initiate DMA transfer no matter whether the 8-bit I/O is 
connected to the low-or high-order of the data bus. In the 
above data copy between the chip's internal data buses, 
there is limitation on the transfer rate. 
When one bus cycle transfer is effected with an external 
bus width of 8 bit, I/O connection selection bit must be "0". 
When one bus cycle transfer is effected in 16-bit units with 
an external bus width of 16 bits employed, the following op- 
eration cannot be performed. 

1. The object memory is DRAM, and an odd-numbered 
address designated as the first address for the backward 
transfer address change direction. Figure 56 shows the 
data bus status when one bus cycle transfer is made under 
the conditions indicated in Table 5. 



Table 5. Data bus conditions for one bus cycle 
DMA transfer 
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DMA request sources 

One out of fifteen DMA request sources can be selected 
for each channel. There are a total of fifteen DMA request 
sources. The internal DMA request sources are the A-D 
conversion, UARTO transmit/receive, UART1 transmit/re- 
ceive, timer A4, timer A3, timer A2, timer A1, timer AO, tim- 
er B2, timer B1, timer BO and the software DMA source by 
programs. The external DMA request source is one associ- 
ated with DMAREQi pin input. For DMA request source 
selection, use the DMAi control register DMA! request 
source selection bits (bits through 3) as shown in Figure 
49. Table 6 indicates the contents of the bits and DMA re- 
quest sources. The request timing is the same as that for 
interrupt. 

When the software DMA source is selected with the DMA 
request source selection bits, the DMA request flag is set 
to "1" by writing the value "1" for the DMAC control register 
software DMA request bits (bits 8 through 11). When the 
DMA request flag is "1", the software DMA request bits are 
automatically cleared. When the external source Is 
selected with the DMA request source selection bits, the 
input from the DMAREQi pin sets the DMA request flag to 
"1". The DMA transfer request will not be accepted until 
both the DMAC control register DMA permission bit and 
DMA request flag are "1". Therefore, if the DMA permission 
bit is "0" while the DMA request flag is "1", the DMA re- 
quest will not be accepted. Note that DMA permission bit is 
cleared to "0" upon resetting. Therefore, after DMA transfer 
parameter and other data setup, set to "1" the DMA per- 
mission bit of a DMA channel to be rendered valid. This 
assures that the transfer request bit of that channel takes 
effect, making is possible to effect DMA transfer. 



Table 6. Relationship between DMA request source selection 
bits (bits 3 to 0) and DMA request sources 
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Transfer mode 

Two DMA transfer modes are available: burst transfer mode 
and cycle steal transfer mode. Mode selection is made 
variously for all channeles, using bit 2 of the DMAi mode 
register. When this bit is set to "0", the burst transfer mode 
is selected. This mode is automatically selected upon re- 
setting. 

(1) Burst transfer mode 

When a DMA request is request is received from a certain 
channel in the burst transfer mode, the DMA request from 
another channel will not be accepted until the DMA transfer 
on the former channel is completed. In the burst transfer 
mode, either the edge sense or level sense mode can be 
selected only when the input from the DMAREQi pin 
(external source) is chosen as the request source. 
When DMAi control register bit 4 is set to "0", the edge 
sense mode is selected. The edge sense mode is auto- 
matically selected upon resetting. In the edge sense mode, 
the DMA request flag Is set to "1" when the input from the 
DMAREQi pin falls. In the burst transfer edge sense mode, 
the DMA request flag is cleared to "0" when any of the fol- 
lowing conditions is met. 

1 . The channel i DMA permission bit is cleared to "0" 
(forced termination of transfer). 

2. The channel i DMA request flag is cleared to "0". 

3. Channel i DMA transfer is wholly terminated. 

4. The "L" level is entered to the TC pin during channel i 
transfer execution (forced termination of transfer). 

Figure 57 shows an example of edge sense mode burst 
transfer. In this example, the DMAREQi pin input (external 
source) is chosen as the DMA request source. When the 
DMAREQi pin Input changes from the "H" to "L" level dur- 
ing CPU operation, the DMA request flag is set to "1" and 
the DMA controller acquires the right of bus use and initi- 
ates transfer. From high to low, the bus use priority is for 
DRAM refresh, HOLD, DMA controller, and CPU. Therefore, 
If the request is made by the DRAM refresh, which has a 
higher priority than the DMA controller, the DMA controller 
halts any ongoing transfer operation at the end of the cur- 
rent transfer cycle and transfers the bus use right to the 
DRAM controller as shown in Figure 57. Upon getting the 
bus use right, the DRAM controller generates the refresh 
cycle. When refreshing is terminated, the DMA controller 
resumes the execution of the interrupted DMA transfer at 
the point of Interruption. Once a DMA request is received 
In the burst transfer mode, no request from another channel 
is accepted unless DMA transfer is entirely terminated or 
the transfer operation is brought to a forced stop. There- 
fore, even when the request flag of channel 0, which has a 
high priority, is set to "1" in the middle of transfer as shown 
in Figure 57, such a request will not be accepted (the 
priority is explained in the next section) . When channel 1 
DMA transfer is completed, the bus use right is once trans- 
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f erred to the CPU, and the DMA transfer request from 
channel is later accepted at the end of the current bus 
cycle. 

When bit 4 of the DMAi control register is set to "1", the 
level sense mode is selected. The level sense mode can 
only be used for the DMA request from the DMAREQI pin. 
When selecting other sources, be sure to select the edge 
sense mode. 
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Fig. 57 Edge sense mode burst transfer example 
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In the level sence mode, the DMAi request flag is set to "1" 
to initiate DMA transfer only while the DMAREQI pin input 
is "L". If the DMAREQi pin Input level returns to "H" in the 
middie of transfer, the DMA operation is interrupted at the 
end of the current transfer cycle so that the bus use right is 
returned to the CPU. At this time, the DMA permission bit is 
not cleared. When the DMAREQi pin input goes Low, the 
transfer operation is resumed at the address subsequent to 
the point of interruption. In the level sense mode, the DMA 
request flag varies only with the level of the input from the 
DMAREQi pin. Therefore, while the DMAREQi pin input 
level is Low, the DMA request flag remains to be "1" even 
if transfer is completed. 

Figure 58 shows an example of level sense mode burst 
transfer. When the channel 1 DMAREQi pin input level 
changes from "H" to "L" during CPU operation, the DMA 
request flag is set to "1" so that the DMA controller ac- 
quires the bus use right and initiates transfer. When the 



DMAREQi pin input returns to the "H" level, the DMA1 re- 
quest flag is cleared. This causes the DMA transfer opera- 
tion to be interrupted and returns the bus use right to the 
CPU. When the DMAREQ1 pin input is returned to the "L" 
level again and the DMAI request flag set to "1", DMA 
transfer is resumed at the point of interruption. As with the 
edge sense mode, no transfer request from a different 
channel is accepted while DMA transfer is executed for a 
certain channel. For instance, if the channel 1 request flag 
is set to "0" and the request flag of channel 0, which has a 
higher priority, is set to "1", the new request will not be 
accepted. When channel 1 DMA transfer is wholly termin- 
ated, the DMA permission bit is set to "0" so that the bus 
use right is transfered to the CPU. The DMA transfer re- 
quest from channel is then accepted at the end of a bus 
cycle. 
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(2) Cycle steal transfer mode 

When bit 2 of the DMAi mode register is set to "1", the cy- 
cle steal transfer mode is selected. In the cycle steal trans- 
fer mode, be sure to select the edge sense mode. 
When the DMA request occurs in the cycle steal transfer 
mode, the DMA request flag is set to "1" as in the burst 
transfer mode. When the DMA request from a channel is 
accepted, DMA transfer starts. However, the DMA request 
flag is automatically cleared at the beginning of the first 
DMA transfer cycle. Therefore, if there is no channel DMA 
request at the end of one-unit transfer, the DMA controller 
returns the bus use right to the CPU. If there is a DMA re- 
quest from any channel, the DMA controller continues to 
use the bus and initiates DMA transfer for the channel. In 
the cycle steal transfer mode, the priorities of the channels 
are considered at all times to assure that the DMA request 
from a channel having the highest priority is accepted to in- 
itiate DMA transfer execution. Transfer is effected in one 
transfer unit segments. However, the DMA permission bit 
will not be cleared even if the DMA request flag is cleared. 
Therefore, when the DMA request flag is set to "1", transfer 
is resumed at the point of interruption. When the transfer 
counter value is "0" in normal transfer, or both of the trans- 
fer counter and transfer block counter value is "0" in array 
chain transfer, the DMA permission bit is cleared to termin- 
ate the whole DMA transfer operation. 



Figure 59 shows an example of cycle steal transfer. When 
the DMAREQi pin input changes from "H" to "L", the DMA1 
request flag is set to "1" and the DMA controller acquires 
the bus use right to initiate DMA transfer. The DMA1 re- 
quest flag is cleared when the channel 1 transfer cycle 
starts. Therefore, if there is no DMA transfer request from 
the other channels, the DMA controller returns the bus use 
right to the CPU at the end of one transfer cycle. In the ex- 
ample showed in Figure 59, however, DMAO transfer cycle 
execution continues because the channel request flag is 
set to "1". When the DMAO transfer cycle is terminated, the 
DMA request flags of all channels are set to "0" so that the 
DMA controller returns the bus use right to the CPU. When 
the DMA1 request flag is set to "1", only one cycle of trans- 
fer operation is performed. Even if the DMA1 request flag 
is cleared at this time, the DMA1 request flag is set to "1" 
again to effect continued transfer as long as the DMAREQi 
pin input goes Low before the end of the next transfer cy- 
cle. In cycle steal transfer, the priorities of individual chan- 
nels are examined at the end of each transfer cycle. There- 
fore, if the request is sent from channel 0, which has a 
higher priority than channel 1, channel transfer is ex- 
ecuted first. Further, if the refresh request is sent from the 
DRAM controller, such a request for bus use takes prece- 
dence as it has a high priority. 
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Priority 

Priorities are assigned to all DMA cliannels. Either tlie fixed 
or rotative priority can be selected. When bit (priority 
selection bit) of the DIVIAC control register is set to "0", the 
fixed priority is selected. Note that the fixed priority is auto- 
matically chosen upon resetting. In the fixed priorfty, the 
channels are given fixed priorities and DMA transfer is ex- 
ecuted in the order of priority. From high to low, the priori- 
ties are assigned to channels 0, 1, 2, and 3. As indicated in 
Figure 61, the priorities are checked when the first DMA 
request Is received in the burst transfer mode or at each 
cycle end in the cycle steal transfer mode. 
When bit of the DMAC control register is set to "1", the 



rotative priority is used. From high to low, the initial priori- 
ties are assigned to channels 0, 1, 2, and 3 as is the case 
with the fixed priority. When the DMA transfer for one chan- 
nel is normally terminated with the rotative priority em- 
ployed, the priorities are rotated In such a manner that the 
channel, for which transfer has just been completed, has 
the lowest priority. For example, when channel transfer is 
normally terminated as shown in Figure 60, the priorities 
are rotated upon completion of transfer so that the new 
priorities are, in decreasing order, channel 1, channel 2, 
channel 3, and channel 0. The priorities remain unchanged 
when DMA transfer is forcibly terminated by TC pin input or. 
DMA permission bit clearing. 
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Transfer address change direction 

The address change direction in DMA transfer can be de- 
signated independently for the transfer source and destina- 
tion. Choices are "forward", "backward", and "fixed". When 
the forward direction is chosen, the address increments. 
When the bacl<ward direction is selected, the address de- 
crements. When the fixed direction is selected, the address 
is fixed (2 bytes when one transfer unit consists of 16 bits or 
1 byte when one transfer unit consists of 8 bits) and does 
not change. Use bits 4 and 5 of the DMAi mode register 
shown in Figure 50 to specify the transfer address change 
direction for the source. For the destination, use bits 6 and 
7. 

Figure 62 shows an example transfer address change 
mode when two bus cycle transfer is effected in 16-bit un- 
its. Figure 62-(l) shows an example case where both the 
DMAi mode register transfer source and destination 
address change directions are set to "forward". In this type 
of setup, data are transferred from memory 1 to memory 2 
in the ®, (D, ®, and ® order. Figure 62-(2) shows a case 
where the transfer source address change direction is "for- 
ward" and the destination addresses are "fixed". In this 
setup, the memory 1 data are called up in the forward 
address change direction and written at fixed memory 2 
addresses in one transfer unit segments. Figure 62- (3) 
shows a case where the transfer source address change 
direction is forward and the destination address change 
direction is backward. Figure 62- (4) shows a case where 
the transfer source address change direction is backward 
and the destination addresses are fixed. In this setup, the 
,memory 1 data are written at fixed memory 2 addresses in 
one transfer unit segments in the ®, (2), and (3) order. 
As explained above, three different address change modes 
are selectable for each of the transfer source and destina- 
tion. A total of nine different address change direction com- 
binations are available. 

In one bus cycle transfer, the memory side address change 
direction depends on the memory bits. For data transfer 
from memory to I/O, therefore, use bits 4 and 5 (transfer 
source address change direction selection bits) of the 
DMAi mode register to determine the memory side 
(transfer source) address change direction. This is not 
affected by bits 6 and 7 (transfer destination address 
change direction selection bits). For data transfer from I/O 
to memory, use bits 6 and 7 of the DMAi mode register to 
set the memory side (transfer destination) addres.^ change 
direction. This is not affected by bits 4 and 5. 
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Bus cycle at DMA transfer 

The memory or I/O read/write cycle (hereinafter referred 
to as the bus cycle) is basically the same as the bus cycle 
of CPU. Figure 63 shows six examples of bus cycle. 
When transfer is made in 8-bit (1 -byte) units, the operating 
waveform is as shown in Figure 63-(1). Bit 12 of the DMA! 
mode register is the transfer source wait bit and bit 13 is 
the transfer destination wait bit for DMA transfer. When the 
transfel" source wait bit is set to "0" in cases where the 
DMA controller performs a read operation, the E signal "L" 
output period is extended as shown in Figure 63-(2) so that 
the "L" width of E signal is extended 2 times as long. When 
the transfer destination wait bit is set to "0" in cases where 
the DMA controller performs a write operation, the "L" 
width of E signal is extended 2 times as long. All channels 
have DMAi mode register, it is possible to determine 
whether or not to extend the access time depending on the 
speed of the memory space element to be accessed. The 
DMA controller wait bit is effective for both the internal and 
external memory areas. 

When transfer is made in 16-bit (2-byte) units, the operat- 
ing waveform looks like Figure 63-(1) if the following two 
conditions are met. 

I.The associated channel transfer address change direc- 
tion is either forward or fixed. 
2. The first address of the memory to be accessed is even- 
numbered. 
However, when the transfer source or destination wait bit is 
"0", the DRAM area is being accessed, or transfer para- 
meters are read in the array chain or link array chain trans- 
fer mode, the E signal "L" period is extended so that the 
operating waveform looks like Figure 63-(2). 
When transfer is made in 16-bit (2-byte) units, the operat- 
ing waveform looks like Figure 63- (3) if the following two 
conditions are met. 

I.The associated channel transfer address change direc- 
tion is backward. 
2. The first address of the memory to be accessed is odd- 
numbered. 
In this case, although the two bytes can be accessed 
simultaneously, one additional internal clock cycle is 
needed. However, when the transfer source or destination 
wait bit is "0" or the DRAM area is being accessed, the E 
signal "L" period is extended so that the operating wave- 
form looks like Figure 63-(4). 

When transfer is made in 16-bit (2-byte) units, the operat- 
ing waveform looks like Figure 63- (5) if the following two 
conditions are met. 

I.The associated channel transfer address change direc- 
tion is forward. 
2. The first address of the memory to be accessed is odd- 
numbered. 
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The same waveform results if the following two conditions 
are met. 

1. The associated channel transfer address bhange direc- 
tion is backward. 

2. The first address of the memory to be accessed is even- 
numbered. 

In these cases, accessing is done in 1 byte units only. 
Therefore, accessing is conducted in two sessions. Howev- 
er, if the transfer source or destination wait bit is "0" or the 
DRAM area is being accessed, the E signal "L" period is 
extended. If the wait bits of the transfer source and des- 
tination are both "0", the operating waveform looks like Fi- 
gure 63-(6). 

DMA continuous transfer 
(1) Normal transfer 

With the normal transfer function, it is possible to effect 
DMA transfer of the preselected number of bytes. As 
shown in Figure 50, first set up the number of one-transfer 
unit bits, transfer method, transfer mode, and transfer 
address change direction of the DMAi mode register, and 
then write the transfer source block first transfer address 
(the block's lowest-order address in the forward or fixed 
transfer address change direction or the block's highest- 
order address in the backward address change direction) 
into the source address register (hereinafter referred to as 
the SAR). Further, write the destination block first transfer 
address (the lowest-order address in the forward or fixed 
transfer address change direction or the highest-order 
address in the backward transfer address change 
direction) into the destination address register (hereinafter 
referred to as the DAR) . Also write the desired number of 
bytes to be transferred, into the transfer counter register 
(hereinafter referred to as the TCR) . Write the value 1 or 
more into TCR. The SAR, DAR, and TCR have 24 bits each. 
Be sure to write into all these bits. The SAR, DAR, and TCR 
are located at the addresses shown in Figure 47. The next 
step is to perform DMA source and other setups for the 
DMAi control register shown in Figure 49. Set up bit 
(priority selection bit) and bit 1 (terminal count validity bit) 
of the DMAC control register shown in Figure 48, and finally 
set the DMAC control register DMA permission bit to "1" so 
as to make the DMA request acceptable. 
When the contents of TCR are "0", the terminal. count TC 
signal output is generated, and at the same time, the inter- 
rupt request bit of the DMA interrupt control register is set 

to"1". 

To halt transfer, enter the "L" level to the TC pin or write 
the value "0" in the DMA permission bit position. At this 
time, the interrupt request bit of the DMA interrupt control 
register is not set. 

An example normal transfer operation performed under the 
following conditions is presented below. 



• Transfer unit: 16 bits 

• Transfer method: 2 bus cycle transfer 

• Transfer mode: Burst transfer mode (edge sense) 

• Transfer source address change direction: Forward. 

• Transfer destination address change direction: Forward 

• Transfer source wait: None 

• Transfer destination wait: None 

• DMA source: Ext ernal input (DMAREQi) 

When the DMAREQi" pin input level changes from "H" to 
"L", the DMA request flag is set to "1" so that the DMA 
transfer request is accepted. 

At this time, if there is no refresh request from the DRAM 
controller or no HOLD request is made from the HOLD pin, 
the DMA request is accepted. If no request is received 
from a channel having a higher priority than the accepted 
DMA channel, the DMA transfer for that accepted channel 
starts. If there is a DMA request from a channel having a 
higher priority, the DMA transfer for such a channel takes 
precedence. 

As two bus cycle transfer is made, a read operation is per- 
formed in the first bus cycle. First the address written into 
the SAR is output to the address bus and then inputted into 
the incrementor/decrementor (hereinafter referred to as 
the l/D). The l/D adds 1 or 2 to the entered address and 
outputs the result back to the SAR. If one 16-bit transfer 
operation is not enough to complete the read operation, the 
read operation is divided into two sessions to achieve the 
purpose. The operation performed so far is called the read 
cycle and the R/W signal goes High. The data from mem- 
ory or I/O is stored in the data latch within the DMA con- 
troller. 

The write operation is performed in the next bus cycle. First 
the address written in the DAR is output to the address bus 
and then inputted into the l/D. The l/D adds 1 or 2 to the 
entered address and outputs the result back to the DAR. If 
one 16-bit transfer operation Is not enough to oomplete the 
write operation, the write operation is divided into two ses- 
sions to achieve the purpose. The operation performed so 
far is called the write cycle and the R/W signal goes Low. 
The data stored in the DMA controller data latch in the read 
cycle is output to the data bus in the write cycle and written 
into the destination memory or I/O. The operations per- 
formed so far comprise one data transfer unit. In two bus 
cycle transfer, the read and write cycle combination is cal- 
led the DMA transfer cycle. DMA transfer is executed by 
repeating the DMA transfer cycle. 

In two bus cycle transfer, the TCR varies in the read cycle. 
The remaining transfer bytes are read from the TCR in con- 
currence with address output from SAR in the read cycle, 
and inputted into the decrementor (hereinafter referred to 
as the D). The D subtracts 1 or 2 from the number of re- 
maining bytes and outputs the result back to the TCR. In 
this manner, the contents of the TCR decrease after each 
one-unit transfer. When the number of remaining bytes, 



2-140 



MITSUBISHI 
k ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M37720S1FP,M37720S1AFP 

16-BIT CMOS MICROCOMPUTER 



which Is read from the TCR, becomes "0", the DMA control- 
ler outputs the terminal count TC signal to the TC pin, and 
at the same time, sets the interrupt request bit of the DMA 
interrupt control register to "1". At this time, the DMA per- 
mission bit is cleared. As the burst transfer mode is 
selected in this example, the DMA request flag is also 
cleared. 
To halt transfer before completion, enter the "L" level to the 



TC pin (PIO3) or write the value "0" in the DMA permission 

bit. 

In normal transfer, the first values written in the SAR, DAB, 

and TCR are retained in the internal latches. Therefore, if 

DMA transfer is to be effected under the same conditions, 

it can be initiated simply by setting the DMA permission bit 

to"1". 

Figure 64 shows the normal transfer timing diagram. 
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Fig.64 Timing diagram of normal transfer 
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(2) Repeat transfer 

The term "repeat transfer" refers to DMA transfer in which 
normal transfer is repeated. First set up the number of unit 
transfer bits, transfer method, transfer mode, and transfer 
address change direction of the DMAi mode register. Next 
write the transfer source blocl< transfer start address in the 
SAR and the transfer destination transfer start address in 
the DAR. Further, write the number of bytes to be transfer- 
red, into the TCR, and set up the DMAi control register and 
DMAC control register. The DMA request is now accept- 
able. When the DMA request is received in this state, DMA 
transfer starts. Even when the number of remaining bytes 
(to be read from the TCR) becomes 0, the DMA permis- 
sion bit is not cleared. When the burst transfer function is 
activated, the DMA request flag is not cleared either. When 
the cycle steal transfer function Is selected, the DMA re- 



quest flag is cleared at the end of each one-unit transfer. 
The first values written in the SAR, DAR, and TCR are re- 
tained in the internal latches. The contents of the latches 
are transferred to the SAR, DAR and TCR at the end of the 
last transfer cycle. Therefore, when the burst transfer func- 
tion is selected, the transfer operation is repeated starting 
with the first written values. When the cycle steal transfer 
function is selected, on the other hand, these values are 
used as the initial values and transfer is initiated each time 
the DMA request flag is set to "1". 

To terminate this type of transfer, enter the "L" level to the 
TC pin or write the value "0" in the DMA permission bit. 
In repeat transfer, TC signal output and the setting to the 
interrupt request bit of the DMA interrupt control register 
are not performed. 
Figure 65 shows the repeat transfer timing diagram. 
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Fig.65 Timing diagram of repeat transfer 
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(3) Array chain transfer 

The term "array chain transfer" refers to the DMA transfer 
in which one channel is used for the data transfer for two or 
more memory blocks. 

Three parameters necessary for transfer, that is, the trans- 
fer source start address, transfer destination start address, 
and the number of transfer bytes, must be sequentially writ- 
ten into the transfer parameter memory. The transfer para- 
meter memory can be located in an arbitrary position in the 
memory space. Figure 66 shows an array chain transfer 
mode transfer parameter memory configuration example. 
All the transfer parameters of the memory block to be 
transferred must be written into the transfer parameter 
memory. The transfer parameter write format is indicated in 
Figure 67. For one bus cycle transfer, the I/O side para- 
meters are not needed. For transfer from memory to I/O, 
for instance, consecutively write the transfer source start 
address and the number of transfer bytes only as shown in 
Figure 68. As the transfer destination start address needs 
not be written, it is possible to save on the transfer time 
and transfer parameter memory area. 
In normal or repeat transfer, the first values written in the 
SAR, DAR, and TOR are retained in the internal latches. In 
array chain transfer and link array chain transfer, however, 
the latches perform different functions. 
The SAR latch serves as the transfer parameter register 
(hereinafter referred to as the TPR) which indicates the 
first address of the transfer parameter memory. The TOR 
latch serves as the transfer block counter (hereinafter re- 
ferred to as the TBC) which indicates the number of trans- 
fer blocks. In array chain transfer arid link array chain trans- 
fer, writing a value at an SAR address causes that value to 
be written in the TPR, and writing a value at a TOR address 
causes that value to be written in the TBC. 
The array chain transfer operations are detailed below. 
As is the case with the other types of transfer, first set up 
the DMAi mode register, DMA! control register, and DMAC 
control register. Write the first address of the transfer para- 
meter memory into the SAR. This value is then written into 
the TPR. Be sure that an even-numbered address is desig- 
nated as the first address. Nothing needs to be written into 
the DAR. Into the TOR, on the other hand, write the number 
of memory blocks to be transferred. This number is then 
written into the TBC. When the DMA permission bit is set to 
"1" after completion of the above-mentioned setup, DMA 
transfer is enable. 

In array chain transfer, the transfer parameters are first 
read from the transfer parameter memory and then written 
into the SAR, DAR, and TCR. This operations state is called 
the "array state". Figure 69 shows a two bus cycle transfer 
mode array state example. The DMA controller outputs the 
first address of the transfer parameter memory to the 
address bus, and sequentially stores the read data into the 
SAR, DAR, and TCR. 
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Fig.66 Array chain transfer mode parameter memory 
configuration example 
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Fig.67 Parameter memory format 
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Fig.68 Transfer parameter memory at 1 bus cycle 
transfer 
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When the transfer parameters for pne block are completely 
stored, the contents of the TBC are decremented by 1 and 
then the first DMA transfer starts in accordance with the 
stored parameters. 

In contrast to the array state, the state in which DMA trans- 
fer is made is called the transfer state. In the transfer state, 
the same operations are performed as in normal transfer. At 
the end of each one-unit transfer, the contents of the trans- 
fer counter are decremented by 1 in 8-blt transfer or by 2 
in 16-bit transfer. Even when the contents of the transfer 
counter are 0, the DMA request flag and DMA permission 
bit are not cleared and the array state of the next block 
occurs. 

When the contents of the TBC are at the beginning of the 
array state, the entire transfer operation is considered to be 
completed, and the "L" level is output to the TC pin to clear 
the DMA request flag and DMA permission bit and termi- 
nate array chain transfer. At the same time, the interrupt re- 
quest bit of the DMA interrupt control register is set to "1". 
In the cycle steal transfer at the array chain transfer mode, 
one array state and the transfer cycle of one-unit transfer 
are performed by one DMA request. 
Figure 70 shows the array chain transfer timing diagram. 
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Fig.69 Array state example at 2 bus cycle transfer 
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(4) Link array chain transfer 

Figure 71 shows the link array chain transfer parameter 
memory configuration. As shown in this figure, not only the 
transfer source start address, transfer destination start 
address, and number of transfer bytes, but also the first 
address of the memory block which contains the next trans- 
fer parameters is stored. In the transfer parameter of the 
last block, set "OOOOOOie" as the first address of the next 
transfer parameter. In one bus cycle transfer, the I/O side 
parameters are not needed. 

As is the case with the other types of transfer, the DMAi 
mode register, DMAi control register, and DMAC control 
register must be set up for link array chain transfer pur- 
poses. Into the SAR, write the first address of the memory 
block that stores the parameters for the first transfer. This 
address value is then written into the TPR. Be sure that an 
evennumbered address is designated as the first address. 
Nothing needs to be written in the DAR. Write a numerical 
value other than zero into the TCR. When the DMA permis- 
sion bit is set to "1" after completion of the above setup, 
DMA transfer is enable. 

In link array chain transfer, the transfer parameters are first 
read from the transfer parameter memory and then written 
into the SAR, DAR, and TCR. Further, the first address of 
the memory block that contains the next parameters Is writ- 
ten into the TPR. In link array chain transfer, the state so far 
Is referred to as the array state. 

The DMA controller sequentially outputs to the address bus 
the addresses of the memory block that stores the transfer 
parameters, beginning with the first address. The read data 
are sequentially stored into the SAR, DAR, and TCR, and 
then the first address of the memory block containing the 
next parameters is written into the TPR. DMA transfer is 
made in accordance with the parameters read from the 
transfer parameter memory. The transfer state is the same 
as in normal transfer. The contents of the TCR are de- 
cremented by 1 or 2 at the end of each one-unit transfer. 
Even when the contents of the TCR are 0, the DMA request 
flag and DMA permission bit are not cleared to "0" but the 
array state starts again. When the contents of the TPR are 
at this time, however, the "L" level is output to the TC pin to 
clear the DMA request flag and DMA permission bit and 
terminate link array chain transfer. At the same time, the in- 
terrupt request bit of the DMA interrupt control register is 
set to "1". 

In the cycle steal transfer at the rink array chain transfer 
mode, one array state and the transfer cycle of one-unit 
transfer are performed by one DMA request. 
Figure 72 shows the link array chain transfer timing dia- 
gram. 

Note that the following operations cannot be performed in 
array chain transfer or link array chain transfer. 
1. A 16-bit transfer operation performed with an external 
width of 8 bits employed and the fixed transfer address 



change direction selected for either the transfer source 
or destination 
2. A 16-bit transfer operation performed with an external 
width of 16 bits employed, the fixed transfer address 
change direction selected, and an odd-numbered 
address designated as the first address for either the 
transfer source or destination. 
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Fig. 71 Link array chain transfer mode parameter 
memory configuration example 
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DRAM CONTROLLER 

The DRAM controller directly controls the DRAM (dynamic 
random access memory) . The DRAM control pins are lo- 
cated at ports PIO4/CAS, PIO5/RAS, PIOe/MAs, PIO7/MA9, 
and Aq/MAo through A7/MA7. 

Figure 73 shows the DRAM controller block diagram. Fi- 
gure 74 shows the DRAM control register (address 64i6) 
bit configuration. Bit 7 of the DRAM control register is a 
DRAM validity bit. When this bit is set to "1", port PIO4 
serves as the CAS (column address strobe) signal output 
pin, port IO5 serves as the RAS (Row address strobe) sig- 
nal output pin, port PlOe serves as the MAs output pin, and 
PIO7 serves as the MAg output terminal. Upon resetting, the 
DRAM validity bit is set to "0". When using the DRAM con- 
troller, be sure to set this bit to "1". 

Bits through 3 of the DRAM control register are the 
DRAM area selection bits. These bits are used to desig- 
nate the DRAM area in 1M-byte units. When the DRAM 
area selection bits (bits 3 through 0) are set to "0000", the 
DRAM controller concludes that there is no DRAM area. 
This state prevails upon resetting. When the bits are set to 
"0001", the DRAM area is set to 1M-byte and the system 
automatically judges that the area between addresses 
FOOOOO16 and FFFFFF16 is provided as the DRAM area. 
When the bits are set to "1111", the DRAM area is set to 
15M bytes and the DRAM controller automatically con- 
cludes that the area between addresses IOOOOO16 and 
FFFFFF16 is the DRAM area. 

When the area to be accessed is judged to the DRAM 
area, the DRAM controller generates timing signals RAS 



7 6 5 4 3 2 1 

l.[x |><M ,l,l 



Address 
] DRAM control register .64i6 



- DRAM area selection bit 

0000 : No DRAM area 

0001 : FOOOOO-FFFFFF 
0010: EOOOOO-FFFFFF 
0011 : DOOOOO-FFFFFF 



1100 : 400000- FFFFFF 

1101 : 300000~FFFFFF 
1110: 200000- FFFFFF 
1111 : 1 00000- FFFFFF 



DRAM validity bit 

: Invalid 

1 : Valid 



Fig. 74 DRAM control register bit configuration 



and CAS for latching the address in the bus cycle, and out- 
puts addresses Aq through A20 to MAq (Aq pin) through MA7 
(A7 pin) , MAg, and MA9 by means of time division multi- 
plexing! The time division multiplexing method varies with 
the external bus connection. Table 7 shows the address 
time-division multiplexing DRAM controller for DRAM 
accessing. 

It should also be noted that when the DRAM area is acces- 
sed, the "L" level period of E is increased twofold without 
respect to the contents of the wait bit. This also holds true 
when the DRAM area is accessed by the CPU or DMA 
controller. 
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Fig.73 DRAM controller block diagram 
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The DRAM controller incorporates an independent 8-bit re- 
fresh timer. The refresh timer is based on decrement count 
and its clock source employs a clock that is derived by di- 
viding f(X|N) by sixteen. The refresh Interval can be given 
as desired by writing a value (not "0") in the refresh timer 
(address 66i6). The value must be set in the refresh timer 
before the DRAM validity bit is set to "1". Generally, the 
value written in the refresh timer is expressed by the fol- 
lowing formula. 

Timer value n=refresh interval [ns] X f(X|N)/16— 1 

When the contents of the refresh timer is 00i6, the refresh 
timer generates the refresh request signal. The refresh re- 
quest signal sends the bus use request to the bus access 
controller. When the request is accepted, the system stops 
the CPU and DMA controller and sends the response sig- 
nal to the RAS/CAS generator circuit. The RAS/GAS gener- 
ator circuit generates the refresh cycle. 
If the CPU or DMA controller is using the data bus, refresh 
cycle generation does not take place even when the re- 
fresh request is made. When a WIT or STP instruction is 
executed, the refresh operation is not performed. Figure 75 
shows an example refresh operation that is performed 
when the refresh request is made during DMA transfer. Fi- 
gure 76 shows an example refresh operation that Is per- 
formed when the refresh request is made during CPU op- 
eration (bus accessing) . Both examples represent the 



cases where the response delay time is maximized. Table 
8 shows the delay time that denotes the Interval between 
the instant at which the contents of the refresh timer be- 
come 00i6 and the instant at which the refresh cycle is in- 
serted. This table indicates the maximum and minimum 
values prevailing when the RDY input is not provided. If the 
access time is to be increased by RDY input, the time de- 
lay resulting from such an access time increase must be 
added to the maximum values in the table. 
Figure 77 shows the DRAM accessing bus cycle timing dia- 
gram. The DRAM controller generates three types of bus 
cycles: read, write, and refresh bus cycles. 
In the read cycle, the RAS pin level falls from "H" to "L", 
and then the CAS pin level falls from "H" to "L" at the end 
of 1/2 the internal clock cycle <(>. The address bus changes 
from the row address to the column address during the 
time interval between RAS pin level fall and CAS pin level 
fall. 

In the write cycle, the CAS pin level falls one internal clock 
cycle (f> after RAS pin level fall. 

In the refresh cycle, the CAS pin level falls 1/2 internal 
clock cycle pearlier than RAS pin level fall. Refresh occurs 
as the CAS pin level falls earlier than the RAS pin level. 
This method is called the "CAS before RAS refresh 
method". Be sure that the selected DRAM permits "CAS 
before RAS refresh". 



Table 7. DRAM accessing address time-division multiplexing method 
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Table 8. Refresh wait time 
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Fig. 75 Refresh during DMA transfer 
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Fig.77 DRAM access timing diagram 
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REAL-TIME OUTPUT 

The M37720S1FP has a 4-bit, 2-channel real-time output 
function which is shared with port P6 as the output port. As 
with the other ports, the port P6 direction register is in the 
input state after resetting and therefore functions as a regu- 
lar I/O port. To use the real-time output function, be sure to 
set the port P6 direction register for output. Ports P6o 
through P63 correspond to channel 0, whereas ports 64 
through 67 correspond to channel 1. 

Figure 78 shows the real-time output control register 
(address 62i6) bit configuration. Bits and 1 are the real- 
time output validity bits for the channels. Bit relates to 
channel 0, and bit 1 relates to channel 1. When the value 
"1" is written in the positions of these bits, the real-time 
output function is enabled. These bits are "0" upon reset- 
ting. 

Figure 80 shows the real-time output block diagram. In the 
real-time output mode, the values written in the pulse out- 
put data register are not output immediately. However, 
such an output is delivered to the pin when timer AO 
(channel 0) or timer A1 (channel 1) underflows. Before 
underflow occurrence, the previously written data are 
output. 

Figure 79 shows the pulse output data register bit con- 
figuration. When the real-time output validity bit is "0", the 
data written in the port P6 latch (address Eie) is output to 
ports P60 through P63. When the real-time output validity 
bit is "1", the values written in the bit to bit 3 positions of 
pulse output data register (address lAie) are output to 
ports P60 (RTPOo) through P63 (RTPO3), respectively. 
When the real-time output 1 validity bit is "0", the values 
written for bits 4 through 7 of the port P6 latch (address 
Eie) are output to ports P64 through P67, respectively. 
When the real-time output 1 validity bit is "1", on the other 
hand, the values written In pulse output data register 1 
(address ICie) are output to ports P64 (RTPI0) through P67 
(RTP13). 



Address 

J.J.J.JJ.,}..'^ .^ 62i6 

IXIXIXIXjXIXI I I Real-time output control register 



- Real-time output validity bit 

: Invalid 

1 : Valid 

Real-time output 1 validity bit 

: Invalid 

1 ."Valid 



Fig. 78 Real-time output control register bit configuration 



7 6 5 4 3 2 



J Pulse output data register 



Address 
IA16 



RTPOo output data 

". "L" level output 

1 : "H" level output 
RTPO1 output data 

'. "L" level output 

1 : "H" level output 
- RTPO2 output data 

'. "L" level output 

1 : "H" level output 
RTPO3 output data 

: "L" level output 

1 : "H" level output 



6 5 4 3 2 1 

IXIXIXI^ Pulse output data register 1 



Address 
IC16 



RTP1 output data 

: "L" level output 

1 : "H" level output 
RTP1 1 output data 

: "L" level output 

1 : "H" level output 
RTP1 2 output data 

." "L" level output 

1 : "H" level output 
RTP1 3 output data 

'. "L" level output 

1 : "H" level output 



Flg.79 Pulse output data register bit configuration 



Data bus - 



Port latch 



Pulse output data register i 



Timer Ai(i=0, 1) 
underflow signal " 



C>CK 



"0" 

-o 



-^>-o 



Real-time output i 
validity bit 



Output buffer 



D=F/F 



Flg.80 Real-time output block diagram 
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WATCHDOG TIMER 

The watchdog timer is used to detect unexpected execu- 
tion sequence caused by software run-away. Figure 81 
shows a block diagram of the watchdog timer. 
The watchdog timer consists of a 12-bit binary counter. 
The watchdog timer counts the clock frequency divided by 
32 (f32) or by 512 (f5i2). Whether to count f32 or f5i2 is de- 
termined by the watchdog timer frequency selection flag 
shown in Figure 82. f5i2 is selected when the flag is "0" and 
f32 is selected when it is "1". The flag is cleared after reset. 
FFF16 is set in the watchdog timer when "L" or 2Vcc is ap- 
plied to the RESET pin, STP Instruction is executed, data is 
written to the watchdog timer, or the most significant bit of 
the watchdog timer become "0". 

After FFF16 is set in the watchdog timer, the contents of 
watchdog timer is decremented by one at every cycle of 
selected frequency f32 or f5i2, and after 2048 counts, the 
most significant bit of watchdog timer become "0", and a 
watchdog timer interrupt request bit is set, and FFF16 is 
preset in the watchdog timer. 

Normally, a program is written so that data is written in the 
watchdog timer before the most significant bit of the watch- 
dog timer become "0". If this routine is not executed due to 
unexpected program execution, the most significant bit of 
the watchdog timer become eventually "0" and an interrupt 
is generated. 

The processor can.be reset by setting the bit 3 (software 
reset bit) of processor mode register described in Figure 
10 in the interrupt section and generating a reset pulse. 
The watchdog timer stops its function when the RESET pin 
voltage is raised to double the Vcc voltage. 
The watchdog timer can also be used to recover from when 
the clock is stopped by the STP instruction. Refer tb the 
section on clock generation circuit for more details. 
The watchdog timer is also in the hold state during hold, 
DMA transfer, or refresh. Therefore, the input to the watch- 
dog timer is prohibited. 



Watchdog timer frequency selection 

(connection forced to fsa during STP instruction execution) 

f32 

Watchdog timer | — 




Hold 1 (Address 6O16) ' 

Write to watchdog timer 



-i>n 



RESET 

o ^ 



2Vcc 

detectior 

circuit 






STP instruct! on -H 



[1 



S Q 
R 



Set FFFie 



-CtU 



Fig.81 Watchdog timer block diagram 



7 6 5 4 3 2 1 

MX IXI X I XI XIXJ 



Address 
61,6 

Watchdog timer frequency 
selection flag 



: Select fsi 2 

1 : Select f32 



Flg.82 Watchdog timer frequency selection flag 
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RESET CIRCUIT 

Reset occurs when the RESET pin is returned to "H" level 
after holding it at "L" level when the power voltage is at 5V 
±^0%. Program execution starts at the address formed by 
setting the address pins A23~Ai6 to OO16, A^s^As to the 



contents of address FFFF16, and Ay-^-Ao to the contents of 
address FFFE16. 

Figure 83 shows the status of the internal registers when a 
reset occurs. 



(OCie)- 
(ODie)- 
(IO16)- 
(II16)- 
(I4i6)- 
(15i6)- 







0^3 



00ie 



OO16 



00ie 



OO16 



OO16 



00000??? 



00ie 



00ie 



^m 



1 00 



(1 ) Port P4 data direction register 

(2) Port P5 data direction register 

(3) Port P6 data direction register 

(4) Port P7 data direction register 

(5) Port P8 data direction register 

(6) Port P9 data direction register 

(7) Port P10 data direction register (ISie)"- 

(8) A-D control register (lEie)--- 

(9) A-D sweep pin selection register (IFie)-- XX XIXXX 

(1 0) UARTO Transmit/Receive mode register ( 30 1 e ) • • • 

(1 1) UART1 Transmit/Receive mode register ( 38i e ) • • • 

(12) UARTO Transmit/Receive control register (34i6)-" 

(13) UART1 Transmit/Receive control register ( 3Ci6) • • • 

(14) UARTO Transmit/Receive control register 1 ( 35i e ) • • ' 

(15) UART1 Transmit/Receive control register T (3Di6)"" 

(16) Count start flag (40i6)- 

(17) One-shot start flag (42i6)- 

(18) Up-down flag (44i6)- 

(19) Timer AO mode register (56i6)-'- 

(20) Timer A1 mode register (57i6)--- 

(21) Timer A2 mode register (SSis)"' 

(22) Timer A3 mode register (59i6)-" 

(23) Timer A4 mode register (SAie)-" 

(24) Timer BO mode register (SBie)*" 

(25) Timer 81 mode register (SCie)-" 

(26) Timer 82 mode register (SDie)-" 

(27) Processor mode register (SEie)--- 

(28) Watchdog timer (OOie)-- 

(29) Watciidog timer frequency selection flag (61 le) 



XKMX1 "oo 


10 


10 



001, 



MMo 







OOie 



00ie 



OO16 



OO16 



0016 


001X0000 


1^0000 


001X0000 



10 



FFF16 



l)<1XI)<M<MXI 



mm/M 







(30) Real-time output control register (62i6)'-- 

(31) DRAM control register (64i6)--- 

(32) DMAC control register L (68i6)"- 

(33) DMAC control register H (69i6)"- 

(34) DMAO interrupt control register (OCie)-" 

(35) DMA1 interrupt control register (BDie)--- 

(36) DMA2 interrupt control register (OEie)" 

(37) DMA3 interrupt control register (SFie)- XXXX ° 



o\mKo 


XX ° ° 


0016 


XXEXoooo 



mm~o 



00 



^m 



0000 



(54) 



A-D conversion interrupt control register 
UART transmission interrupt control register 
UARTO receive interrupt control register 
UART1 transmission interrupt control register 
UART1 receive interrupt control register 
Timer AO interrupt control register 
Timer A1 interrupt control register 
Timer A2 interrupt control register 
Timer A3 interrupt control register 
Timer A4 interrupt control register 
Timer BO interrupt control register 
Timer B1 interrupt control register 
Timer 82 interrupt control register 
INTo interrupt control register 
INT1 interrupt control register 
INT2 interrupt control register 
DMAO mode register L 
DMAO mode register H 
DMAO control register 
DMA1 mode register L 
DMA1 mode register H 
DMA1 control register 
DMA2 mode register L 
DMA2 mode register H 
DMA2 control register 
DMAS mode register L 
DMA3 mode register H 
DMAS control register 
Processor status register PS 
Program bank register PG 
Program counter PCh 
Program counter PCl 
Direct page register DPR 
Data bank register DT 



(70i6)- 
(71i6)- 
(72i6)- 
(73i6)- 
(74i6)- 
(75i6)'- 
(76i6)- 
(77i6)- 
(78i6)- 
(79i6)- 
(7Ai6)- 
(7Bi6)- 
(7Ci6)" 
(7Di6)- 
(7Ei6)- 
(7Fi6)- 
(IFCCie)" 
(iFCDie)" 
dFCEie)" 
(IFDC16)" 
(iFDDie)" 
(IFDE16)" 
(IFEC16)" 
(iFEDie)" 
(IFEE16)" 
(IFFC16)" 
(IFFD16)" 



^m 



0000 



XIXIXIXI°l°l°|o 

XIXIXX°I°I°I° 
IX!XIXIXI°l°|o|o 



^X^oooo 


XXEX° " » 


WWoooo 







^m 



0000 



MXXM°I°I°I° 



IX[XM>^°I°I°I° 



m 







)^'' 


00^ 





XAi 


000 





0016 


0016 



m 



000000 



00ie 



OO16 







OO1, 



OO16 



M^ 


000 








0016 


0016 



(1FFE16 


■••XK° 


000 





ii 





? ? 


1 


9 


9 






OO16 







Contents of address FFFF16 



Contents of address FFFEie 



OOOO16 



OO16 



Contents of other registers and RAM are not initialized and should be in- 
itialized by software. 



Flg.83 Microoonr^puter internal status during reset 
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Figure 84 shows an example of a reset circuit. The reset in- 
put voltage must be held 0.9V or lower when the power vol- 
tage reaches 4.5V. , 



M37720S1 FP 



RESET 



Vcc 



361 







Fig. 84 Example of a reset circuit (perform careful 

evaluation at the system design before using) 



INPUT/OUTPUT PINS 

Ports P10 to P4 all have a data direction register and each 
bit can be programmed for input or output. A pin becomes 
an output pin when the corresponding data direction regis- 
ter is set and an input pin when It is cleared. 
When pin programmed for output, the data is written to the 
port latch and it is output to the output pin. When a pin Is 
programmed for output, the contents of the port latch is 
read instead of the value of the pin. Therefore, a previously 
output value can be read correctly even when the output 
"L" voltage is raised due to reasons such as directly driving 
an LED. 

A pin programmed for input is floating and the value input 
to the pin can be read. When a pin is programmed for in- 
put, the data is written only in the port latch and the pin 
stays floating. 

If an input/output pin is not used as an output port, clear 
the bit of the corresponding data direction register so that 
the pin become input mode. 

Figure 85 presents the port P10 to port P4 block diagrams 
and E pin output format. 

In the evaluation chip mode, port P4 is also used as the 
control signal terminal. Refer to the section on evaluation 
chip mode for more details. 
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•Ports P83, P87, P96, P94, P92, P9o, PIO7, PlOe, PIO5, P1 04( Inside dotted-line not included) 



Ports P54, P52, P5o'('nside dotted-line included) 



• Ports P85, P84, P81, P80 



"1^ 



Direction register] 

HJ- 



Data bus 



Port latch 



0. 

Output -^\j. 




<- 



f — f-o Data bus - 

r 



-< 



• Ports P46~P43 (Inside dotted-line not included) 

Ports P47, P57, P56, P55, P53, P5i, PSe, P82, P97. P95, 
PQg, P9^, PIO2, PIO1, PIO0 (Inside dotted-line Included, 
but P82 and P86 are without 

Direction register f - ^ 

M 




i^J 



• Ports P67~P6o 



-a- 



Data bus 



Direction register] 



Port latch 



"^N>T 



-^ 



Tinner _ 

underflow signal' 



T Q 
CK 






• Ports P76~P7o( Inside dotted-line not included) 
Port P77 (Inside dotted-line included) 



[Direction register} - 

HI 



Port latch \ - 



V 




^ 



-< 

Analog input - 



Direction register | -|.. q „ ^^? 

o I 



Port latch 



Output -o' 



l^ 



-^ 



> Port PIO3 



iDirection registerj 



Data bus - 



1 



J 



V&fr 



-<- 




— 4- 



Fig.SS Block diagram for ports P10 to P4 In microprocessor mode and the E pin output 
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PROCESSOR MODE 

Either the microprocessor mode or evaluation chip mode is 
selected in accordance with the contents of bit of the 
processor mode register shown in Figure 86. Bit 1 must al- 
ways be set to 1 . 

Figure 87 shows the port P4, A7/MA7 to Aq/MAo, A15/D15 to 
As/Ds, A23/D7 to A16/D0, R/W, BHE, BLE, ALE, RDY, HOLD, 
and 01 functions in the two different processor modes. 
The external memory area varies with the mode. Figure 88 
presents the memory map in each processor mode. When 
the external memory Is to be accessed, it is influenced by 
the BYTE pin and processor mode register bit 2 (wait bit) 
as explained below. 



BYTE pin 

When accessing the external memory, the level of the 

BYTE pin is used to determine whether to use the data bus 

as 8-bit width or 16-bit width. 

The data bus width is 8 bits when the level of the BYTE pin 

is"H". 

The data bus width is 16 bits when the level of the BYTE 

pin is "L". 

When accessing the internal memory, the data bus width is 

always 16 bits regardless of the BYTE pin level. 



4 3 



Processor mode register 

Processor mode bit 

: Microprocessor mode 

1 : Evaluation chip mode 



Wait bit 

: Wait 

1 ".No wait 



Address 
5Ei6 



Software reset bit 

Reset occurs wlien tliis bit is set to "1" 



Interrupt priority resolusion time selection bit 
:Selectl/f(X,N)X14 

1 : Select 1/f(X,N)X8 

1 : Select 1/f(X,N)X4 



- Test mode bit 
This bit must be "0" 

- Stack bank selection bit 

: Bank O16 

1 .: Bank FFie 



Fig. 86 Processor mode register bit configuration 
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CM1 



CMO 



1 



Port 



Mode 



Microprocessor mode 



Evaluation cliip mode 



A7/MA7 
Ao/MAo 



Access except DRAM 



L 



A7/MA7 

~Ap/MAo 



X Address A7~Ao jf^ 



Same as left 



Access DRAM 



X 



A7/MA7 
~Ao/MAo 



X AddressAAddres^ 

(Row) (Column) 



Same as left 



BYTE="L" 



A15/D15 

I 
Ag/Da 



A15/D15 
^ Aa/Ds 



Ai5~Aa I 



X Address j( Data \ 
(odd) 



Same as left 



A15/D15 
-Aa/Da 



X Address A8~Ai5 X 



Al5~A8 I 

Jl 



Aa/Da — .^^ ^ ^ 

~Ai5/Di5 XAddressX Data 

(odd) 



Port P4, P5 and their direction registers are 
treated as 16-bit bus width. 



BYTE="L" 



A23/D7 
Aie/Do 



BYTE="H" 



A23~Ai6 L 



A23/D7 x^'^^''®^ p^^Q X " 

—Aia/Do (even) 



Same as left 



^ A23~Ai6 L 



A23~Ai6 L 



A23/D7 VAddressY Data V" 

~Ai6/Do fy A -A. 

(even, odd) 



A23/MA; 



A,6/Do " ^AddressX Data jf 
(even, odd) 

Same as for Ais/Dis-^Aa/Da 



ALE 
BHE 
BLE 
R/W 
RDY 
HOLD 



ALE . 




1—1 










BHE 


X 


BHE 


X 




BLE 


X 


BLE 


X 




R/W 


X 


R/W 


X 




RDY 


X 


RDY 


X 




HOLD 


JL 


HOLD 


X 



Same as left 



PortP4 



1 



P47 



X Input/output port / [ 



E 


1 




1 










P4. X 


DBG 




X 




P46 X VPA 


. 




X 




P45 i VDA 


X 




X 




P44 X 


QCL 


X 






^^J{ 


MX 




X 



Fig.87 Processor mode and ports P4, Ay/MAr—Ao/MAo, Aig/Dig'-'As/Ds, Aza/Dy-^Aig/Do, and ALE, R/W, BHE, BLE, 



RDY, HOLD, ^1 functions 
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Wait bit 

As shown in Figure 89, wiien the external memory area is 
accessed with the processor mode register bit 2 (wait bit) 
cleared to "0", the "L" width of E signal is becomes twice 
compared with no wait (the wait bit is "1"). The wait bit is 
cleared during reset. 

When the CPU is operating, the accessing of internal mem- 
ory area Is performed in no wait mode regardless of the 
wait bit. 
The processor modes are described below. 



Microprocessor Evaluation chip 
mode mode 







2l6 
9l6 


'lllli 


80i6 
27Fi6 




RAM 


1 FCO16 


/ / / / / 


IFFF16 




FFFFFF16 


1 



2l6 




9ir 


'lllll, 




1 1 1 1 1 


Air 




C16 


11,1,1 






RAM 




' 1 1 1 II 








1 



The shaded area is the external memory area. 



Fig. 88 External memory area for each processor mode 



Internal clock <!> 

[Ah/Dl 
Wait bit "1" Jg 

Iale 

( Ah/Du 
Wait bit "0" J ^ 

Iale 


njnjnjnjT-TLn 


:X )^at^ ^Dat^ 


Address Address 


LJ l_i 
n n 




y y Data t yoata 


Address Address 

1 1 1 


n n 





Fig.89 Relationship between wait bit and access time 



(1) l\/licroprocessor mode [0] 

When the system is reset with the CNVss pin connected to 
Vss or Vcc. this mode is selected. 

Ports A15/D15 through As/Ds may be in either of the follow- 
ing two conditions depending on the BYTE pin level. 
When the BYTE pin level is "L", the ports serve 

as the address output terminals while E is at the "H" level 

or 

as the odd-numbered address data I/O terminals while E 

is at the "L" level. 
However, if the internal memory area is read, external data 
is ignored from outside while E is at the "L" level. 
When the BYTE pin level is "H", the ports serve as the 
address output terminals. 

Ports A23/D7 through (k^q/Dq may be in either of the follow- 
ing two conditions depending on the BYTE pin level. 
When the BYTE pin level is "L", the ports serve 

as the address output terminals while E is at the "H" level 

or 

as the even-numbered address data I/O terminals while 

E is at the "L" level. 
However, if the internal memory area is read, external data 
is ignored from outside while E is at the "L" level. 
When the BYTE pin level is "H", the ports serve 

as the address output terminals while E is at the "H" level 

or 

as the even- and odd-numbered data I/O terminals while 

E is at the "L" level. 
However, if the internal memory area is read, external data 
is ignored from outside while E is at the "L" level. 
R/W is the read/write signal. It performs a read operation 
when it is at the "H" level or a write operation when it is at 
the "L" level. 

BHE is the byte high enable signaL When it is at the "L" 
level, it indicates that an odd-numbered address is being 
accessed. BLE is the byte low enable signal. When it is at 
the "L" level, it indicates that a even-numbered address is 
being accessed. Therefore, if BLE is at the "L" level and 
BHE is at the "L" level, it means that two bytes at an odd- 
numbered address and an even-numbered address are 
being accessed simultaneously. 

ALE is the address latch enable signal. It is used for latch- 
ing the address signal from a multiplexed signal containing 
addresses and data. When ALE is at the "H" level, the latch 
opens to pass off the address signal. When ALE is at the 
"L" level, it retains the address signal. 
HOLD is the hold request signal. It is an input signal used 
to hold the microcomputer. HOLD input is accepted when 
the internal clock falls from "H" level to "L" level while 
the bus is not used. ST1 and STO notify externally when 
microcomputer enters into hold state. In the hold state, ST1 
= 0, ST0=1 and A7/MA7 through Aq/MAo, A15/D15 through 
Aq/Ds, A23/D7 through Ais/Dq, R/W, BHE, and BLE are 
floating. These ports are floating after one cycle of the in- 
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ternal clock later than the status signal changes to [ST1 
= 0, ST0 = 1] . At the removing of hold state, these ports 
are removed from floating state after one cycle of internal 
clock later than the status signal changes to the value ex- 
cept [ST1=0, ST0=1] . 

RDY is the ready signal. When it is at the "L" level, the in- 
ternal clock stops at the "L" level. The instruction execu- 
tion of CPU and the bus access of the bus interface unit 
are also stopped. The clock 0i output is continued. RDY is 
used When a slow external memory is installed. 

(2) Evaluation chip mode [1] 

The evaluation chip mode prevails when the CNVss pin is 

connected to 2Vcc- This mode is usually used for evaluation 

equipment. 

A7/MA7 to Aq/MAo, ale, BHE, BLE, R/W, RDY, HOLD, and 

01 perform the same operations as in the microprocessor 

mode. 

Ports A15/D15 through Ag/Ds function irrespective of the 

BYTE pin level. They serve 

as the address output terminals while E is at the "H" level 

or 

as the odd-numbered address data I/O terminals while E 

is at the "L" level. 
However, if the internal memory area is read, external data 
is ignored from outside while E is at the "L" level. 
When the BYTE pin level is "L", ports A23/D7 through A^e/ 
Do serve 

as the address output terminals while E is at the "H" level 

or 

as the even-numbered address data I/O terminals while 

E is at the "L" level. 
However, if the internal memory area is read, external data 
is ignored from outside while E is at the "L" level. 
When the BYTE pin level is "H", on the other hand, ports 
A23/D7 through Ais/Dq serve 

as the address output terminals while E is at the "H" level 

or 

as the even- and odd-numbered address data I/O ter- 
minals while E is at the "L" level. 
However, if the internal memory area is read, external data 
is ignored from outside while E is at the "L" level. 
Port P4, port P5, port P4 and port P5 direction register must 
be accessed in 8-bit unit. 

The port P4 and its direction register addresses 
(addresses OA16 and OCie) are treated special in the eva- 
luation chip mode. When these addresses are accessed, 
the data bus width is considered to be 16 bits without re- 
gard to the BYTE pin level. Further, the access cycle is tre- 
ated as the internal memory without regard to the wait bit. 
Ports P43 through P46 serve as the MX, QCL, VDA, and 
VPA output terminals, respectively. Port P47 serves as the 
DBG input terminal. 
The MX signal usually carries the contents of flag m. When 



the CPU uses flag x, however, the MX signal carries the 
contents of flag x. 

QCL is the queue buffer clear signal. It goes High when 
the command queue buffer is to be cleared as a command 
code previously entered in the command queue buffer can- 
not be used because of jump or other command execution. 
VDA is the valid data address signal. It is at the "H" level 
while the CPU reads data from or writes data into the data 
buffer. It also goes High when the command first byte (the 
operation code) is read from the queue buffer. 
VPA is the valid program address signal. It is High while 
the CPU reads a command code from the command queue 
buffer. 

DBC is the debug control signal which is used for debug- 
ging. 

Table 9 summarizes the relationship between the CNVss 
pin input level and processor mode. 



Table 9. Relationship between the CNVss pin input 
levels and processor modes 



CNVss 


Mode 


Description 


Vss 
or 
Vcc 


• Microprocessor 

• Evaluation chip 


Microprocessor nriode upon 
starting after reset. Evaluation 
chip mode can be selected 
by changing the processor 
mode bit by software. 


2Vcc 


• Evaluation chip 


Evaluation chip mode only 
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CLOCK GENERATING CIRCUIT 

Figure 90 shows a block diagram of the clock generator. 
When a STP Instruction Is executed, the internal clock (f> 
stops oscillating at "L" level. At the same time, FFFig Is 
written to watchdog timer and the watchdog timer input 
connection is forced to \^2- This connection Is broken and 
connected to the input determined by the watchdog timer 
frequency selection flag when the most significant bit of the 
watchdog timer is cleared or reset. 

Oscillation restarts when an interrupt is received, but the 
internal clock ^ remains at "L" level until the most signifi- 
cant bit of the watchdog timer is cleared. This is to avoid 
the unstable interval at the start of oscillation when using a 
ceramic resonator. When a WIT instruction is executed, the 
internal clock Estops at "L" level, but the oscillator does 
not stop. The clock is restarted when an interrupt is re- 
ceived. Instructions can be executed immediately because 
the oscillator is not stopped. 

The stop or wait state is released when an interrupt is re- 
ceived or when reset is issued. Therefore, interrupts must 
be enabled before executing a STP or WIT instruction. 
Figure 91 shows a circuit example using a ceramic (or 
quartz crystal) resonator. Use the manufacturer's recom- 
mended values for constants such as capacitance which 
differ for each resonator. Figure 92 shows an example of 
using an external clock signal. 



Interrupt request- 



STP instruction - 



-i-fs Q 



WIT instruction 



S Q 



(CPU, 




Fig.91 Circuit using a ceramic resonator 



M37720S1 FP 



37 



External clock source 

:jiruir 



Open 



38 



Fig.92 External clock input circuit 



\5 



Q S 



Kl= 



Reset 



Internal clock ^ 



X>T 



1/2 



DMAC, DRAMC) 

f2 fi6 



1/8 



1/2 



- STP instruction 



Watchdog 
timer 



1/2 



1/8 



O 6 

XiN XoUT 



Clock ^1 output 



L 



Fig.90 Block diagram of a clock generator 
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ADDRESSING MODES 

The M37720S1 FP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 

MACHINE INSTRUCTION LIST 

The M37720S1FP has 103 machine instructions. Refer to 
the MELPS 7700 machine instruction list for details. 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0.3-7 


V 


AVcc 


Analog supply voltage 




-0.3-7 


V 


V, 


Input voltage RESET, CNVss, BYTE 




-0.3-12 


V 


V, 


Input voltage A8/D8~Ai5/Di5, Aie/Do—Aaa/Dr, P43~P47, 
P5o~P57, P6o~P67, P7o~P77, P8o~P87, 
P9o~P97, P10o~P107, RDY, HOLD, Xin. Vref 




-0. 3-Vcc+O. 3 


V 


Vo 


Output voltage Ao/MAo~A7/MA7, As/Ds-Aig/Dis, 

Ai6/Do~A23/D7, P43~P47, P5o~P57, 

P6o~ P67, P7o~ P77, P8o~ P87. P9o~ P97, 




-0. 3-Vcc+O. 3 


V 


P10o~P107, <t>^, RESETouT, Xqut, E, STO, 
STI.ALE, BLE, BHE, R/W 


Pd 


Power dissipation 


Ta=25r 


300 


mW 


Topr 


Operating temperature 




-20-85 


°C 


Tstg 


Storage temperature 




-40-150 


r 



RECOMMENDED OPERATING CONDITIONS (Vcc=5V±10%,Ta=-20~85C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min. 


Typ. 


Max. 


Vcc 


Supply voltage 


4.5 


5.0 


5.5 


V 


AVcc 


Analog supply voltage 




Vcc 




V 


Vss 


Supply voltage 









V 


AVss 


Analog supply voltage 









V 




High-level input voltage P43~P47, PSo-PSy, P6o~P67, 










V,H 


P7o~P77, P8o~P87, P9o~P97, 
P10o~P107, RDY, HOLD, BYTE, 
CNVss, X|N, Vref 


0. 8Vcc 




Vcc 


V 


V,H 


High-level input voltage A8/D8~Ai5/Di5, Ai6/Do~A23/D7 


0.5Vcc 




Vcc 


V 




Low-level input voltage P43~P47, P5o~P57, P6o~.P67, 










V,L 


P7o~P77, P8o~P87, P9o~P97, 
P10o~P107, RDY, HOLD, BYTE, 
CNVss, X,N, Vref 







0. 2Vcc 


V 


V,L 


Low-level input voltage A8/D8~Ai5/Di5, Ai6/Do~A23/D7 







o.ievcc 


V 




High-level peak output current Ao/MAo-kj/Mh, A8/D8~Ai5/Di5, 












Ai6/Do~A23/D7, P43~P47, P5o~P57, 










loH(peak) 


P6o~P67, P7o~P77, P8o~P87, 
P9o~P97,P1Oo~P1O7,0i, 
RESETouT,ST0,ST1,ALE,BLE, 
BHE, R/W 






-10 


mA 




High-level average output current Ao/MAo~A7/MA7, A8/D8~Ai5/Di5, 












Al6/Do~A23/D7, P43~P47, P5o~P57, 










loH(avg) 


P6o~P67, P7o~P77, P8o~P87, P9o~P97, 
P10o~P107, (ii, RESETouT.'STO, ST1, 
ALE, BLE, BHE, R/W 






-5 


mA 




Low-level peak output current Ao/MAo~A7/MA7, As/Ds-Ais/Dis, 












Al6/Do~A23/D7, P43~P47, P5o~P57, 










loL(peak) 


P6o~F 
P10o~ 


67, P7o~P77, P8o~P87, P9o~P97, • 






10 


mA 


PIO7, ?5i,RESETouT,ST0,ST1, 




ALE, BLE, BHE, R/W 












Low-level average output current Ao/MAo~A7/MA7, A8/D8~Ai5/Di5, 












Al6/Do~A23/D7, P43~P47, P5o~P57, 










loL(avg) 


P6o~P67, P7o~P77, P8o~P87, 
P9o~P97, P10o~P107, 01, RESETouT, 
STO, ST1, ALE, BLE, BHE, R/W 






5 


mA 


f(X,N) 


External clock frequency input 


M37720S1FP 






8 


MHz 


M37720S1AFP 






16 



Note 1 . Average output current is the average value of a 100ms interval. 

2 . The sum_ofJoL(peak) for^ ports PS, P9, Ao/MAo~A7/MA7, A8/D8~Ai5/Di5, Ais/Dq- 
ALE, BLE, BHE and R/W must be 80mA or less, the su m of l oH(pe ak) for ports P8, 
MA7, A8/D8~Ai5/Di5, Ai6/Do~A23/D7, STO. ST1, ALE. BLE, BHE and R/W must 
the sum of loL(peak) for ports P4, P5, P6, P7, P10 and ^1 must be 80mA or 
loH(peak) for Ports P4, P5, P6, P7, P10 and </>-^ must be 80mA or less. 



A23/D7, STO, ST1, 
P9, Ao/MAo~A7/ 

be 80mA or less, 
less, the sum of 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=OV, Ta=25°C, f(X,N)=8MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 




High-level output voltage Ao/MAo-Ay/MA/, As/Da-Ais/Dis. 














Ai6/Do~A23/D7, P43~P47, 












VoH 


P5o~P57, P6o~P67, P7o~P77, 
P8o~P87. P9o~P97. P10o~P107, 
^1, RESETouT, STO, ST1, ALE, BLE, 
BHE, R/W 


loH=-10mA 


3 






V 




High-level output voltage Ao/MAo~A7/MA7, A8/D8~Ai5/Di5, 












VOH 


Ai6/Do~A23/D7, MAs. MAg, RAS, 
CAS, ^1, STO, ST1, BLE, BHE, R/W 


loH=-400;uA 


4.7 






V 


VoH 


High-level output voltage ALE 


loH=-10mA 


3.1 






V 


loH=-400//A 


4.8 






VoH 


High-level output voltage E 


loH=-10mA 


3.4 






V 


loH=-400/.A 


4.8 








Low-level output voltage Ao/MAo~A7/MA7, Ag/Ds-Ais/Dis, 














Ai6/Do~A23/D7, P43~P47, P5o~P57, 












Vol 


P6o~P67, P7o~P77, P8o~P87, 
P9o~P97, P10o~P107, <i>A, 


loL=10mA 






2 


V 


RESETouT, STO, ST1,ALE, BLE. 




BHE, R/W 














Low-level output voltage I^IUI^Q^kj/Ukj, Aa/Dg-Ais/Dis, 












Vol 


Ai6/Do~A23/D7, MAg, MAg, RAS, 
CAS, .^1, STO, ST1, BLE, BHE, 
R/W 


loL='2mA 






0.45 


V 


Vol 


Low- level output voltage ALE 


loL=10mA 






1.9 


V 


loL=2mA 






0.43 


Vol 


Low-level output voltage E 


loL=10mA 






1.6 


V 


loL=2mA 






0.4 




Hysteresis RDY, HOLD, TA2|n~TA4,n, TBCn, TB1,n, 












Vt+-Vt- 


INTo~INT2, ADtrg, CTSo, CTSi, CLKq, CLKi 




0.4 




1 


V 


DMAREQG-DMAREQS, TC 


Vt+-Vt_ 


Hysteresis RESET 




0.2 




0.5 


V 


Vt+-Vt_ 


Hysteresis Xin 




0.1 




0.3 


V 




High-level input current As/Ds—Ais/Dis, Ai6/Do~A23/D7, 














P43~ P47. P5o~ P57, P6o~ P67, 












I.H 


P7o~P77. P8o~P87, P9o~P97, 
P10o~P107, RDY, HOLD, BYTE, 


V|=5V 






5 


/.A 


CNVss, Xin, RESET 




Low-level input current A8/D8~Ai5/Di5, Ai6/Do~A23/D7, 














P43~P47, P5o~P57. P6o~P67, 












IlL 


P7o~P77, P8o~P87, P9o~P97, 
P10o~P107, RDY, HOLD, BYTE, 
CNVss, X,N, RESET 


V,=OV 






-5 


//A 


Vram 


RAM hold voltage 


When clock is stopped 


2 






V 


Ice 


Power supply current 


f(XiN)=8MHz square waveform 




9 


18 


mA 


Ta=25°C when clock is stopped 






1 


/.A 


Ta=85°C when clock is stopped 






20 
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ELECTRICAL CHARACTERISTICS (Vcc=^5v, Vss=ov, Ta=25r, f(x,N)=i6MHz) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Vo.4 


High-level output voltage Ao/MAo~A7/MA7, A8/D8~Ai5/Di5, 

Ai6/Do~A23/D7, P43~P47, 

P5o~P57, P6o~P67, P7o~P77, 
P8o~P87, P9o~P97, P10o~P107, 


l0H=-1pmA 


3 






V 


!*1, RESETouT, STO, ST1, ALE, BLE, 
BHE, R/W 


YoH 


High-level output voltage Ao/MAo~A7/MA7, As/Ds-Aig/Dig, 
Ai6/Do~A23/D7, MAs, MA9, RAS, 
CAS, <t> 1 , STO, ST1 , BLE, BHE, R/W 


loH=-400/^A 


4.7 






V 


VoH 


High-level output voltage ALE 


loH=-10mA 


3.1 






V 


loH=-4dO/^A 


4.8 






VoH 


High-level output voltage E 


loH=-10mA 


3.4 






V 


loH=-400//A 


4.8 






Vol 


Low-level output voltage Ao/MAo~A7/MA7, Ag/Ds-Ais/Dis, 

Ai6/Do~A23/D7, P43~P47, P5o~P57, 

P6o~P67, P7o~P77, P8o~P87, 
P9o~P97, P10o~P107, i>^, 


loL=10mA 






2 


V 


RESETouT, STO, ST1, ALE, BLE, 
BHE, R/W 


Vol 


Low-level output voltage Ao/MAo~A7/MA7, A8/D8~Ai5/Di5, 
Ai6/Do~A23/D7, MA8, MA9, RAS, 
CAS, 0i,STO, ST1, BLE,BHE, 
R/W 


loL=^2mA 






0.45 


V 


Vol 


Low-level output voltage ALE 


loL=10mA 






1.9 


V 


loL=2mA 






0.43 


Vol 


Low-level output voltage E 


loL=10mA 






1.6 


V 


loL=2mA 






0.4 


Vt+-Vt- 


Hysteresis RDY, HOLD, TA2,n~TA4|n, TBOin, TB1|n, 

INTo~IMT2, ADtrg, CTSo, CTSi, CLKq, CLK, 
DMAREQ0~DMAREQ3, TC 




0.4 


■ 


1 


V 


Vt+-Vt- 


Hysteresis RESET 




0.2 




0.5 


V 


Vt+-Vt- 


Hysteresis Xin 




0.1 




0.3 


V 


I.H 


High-level input current A8/D8~Ai5/Di5, Ai6/Do~A23/D7, 
P43~P47, P5o~P57, P6o~P67, 
P7o~P77, P8o~P87, P9o~P97, 
P10o~P107, RDY, HOLD, BYTE, 


V|=5V 




. 


5 


//A 


CNVss, X|N, RESET 


I.L 


Low-level input current A8/D8~Ai5/Di5, Ai6/Do~A23/D7, 
P43~P47, P5o~P57, P6o~P67, 
P7o~P77, P8o~P87, P9o~P97, 
P10o~P107, RDY, HOLD, BYTE, 


V|=OV 






-5 


fxA 


CNVss, X|N, RESET 


Vram 


RAM hold voltage 


When clock is stopped 


2 






V 


Ice 


Power supply current 


f(X|N)=16MHz square waveform 




18 


36 


mA 


Ta=25°C when clock is stopped 






1 


//A 


Ta=85''C when clock is stopped 






20 
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A-D CONVERTER CHARACTERISTICS (Vcc=5V,V33=0V.Ta=25C. unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


8MHz 


16MHz 


Min. 


Max. 


Min. 


Max. 


- 


Resolution 


Vref=Vcc 




8 




8 


Bits 


— 


Absolute accuracy 


Vref=Vcc 




±3 




±3 


LSB 


Rladder 


Ladder resistance 


Vref==Vcc 


2 


10 


2 


10 


kfl 


tcONV 


Conversion time 




28.5 




14.5 




A^S 


Vref 


Reference voltage 




2 


Vcc 


2 


Vcc 


V 


V,A 


Analog input voltage 







Vref^ 





Vref 


V 



TIMING REQUIREMENTS (Vcc=5V±10%, Vss=OV, Ta=25°C, unless otherwise noted) 

External clock input 



Microprocessor mode 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


Min. 


Max. 


Min. 


Max. 


tc 


External clock input cycle time 


125 




62 




ns 


tw(H) 


External clock input high-level pulse width 


50 




25 




ns 


tw(L) 


External clock input low-level pulse width 


50 




25 




ns 


tr 


External clock input rise time 




20 




10 


ns 


tf 


External clock input fall time 




20 




10 


ns 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


Min. 


Max. 


Min. 


Max. 


tsu(P4D— e) 


Port P4 input setup time 


200 




100 




ns 


tsU(P5D— E) 


Port P5 input setup time 


200 




100 




ns 


tsU(P6D— E) 


Port P6 input setup time 


200 




100 




ns 


tsU(P7D— E) 


Port P7 input setup time 


200 




100 




ns 


tsU(P8D— E) 


Port P8 input setup time 


200 




100 




ns 


*SU(P9D— E) 


Port P9 input setup time 


200 




100 




ns 


tsU(P10D— E) 


Port P10 input setup time ' 


200 




100 




ns 


th(E— P4D) 


Port P4 input hold time 












ns 


th(E-P5D) 


Port P5 input hold time 












ns 


th(E-P6D) 


Port P6 input hold time 












ns 


th(E-P7D) 


Port P7 input hold time 












ns 


th(E-P8D) 


Port P8 input hold time 












ns 


th(E-P9D) 


Port P9 input hold time 












ns 


th(E— P10D) 


Port P10 input hold time 












ns 


tsU(DH— E) 


Data high-order input setup time 


60 




45 




ns 


tsuCbL— E) 


Data low-order input setup time 


60 




45 




ns 


tsU(RDY— 9^1) 


RDY input setup time 


70 




60 




ns 


tsU(HOLD— <*i) 


HOLD input setup time 


70 




60 




ns 


th(E-DH) 


Data high-order input hold time 












ns 


th(E— DL) 


Data low-order input hold time 












ns 


th(<*i — RDY) 


RDY input hold time 












ns 


th(^1_HOUD) 


HOLD input hold time 












ns 
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TilTIGr A Input (count input in event counter mode) 


Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MH2 


Min. 


Max. 


Min. 


Max. 


tc(TA) 


TAjiN input cycle time 


250 




125 




ns 


, tw(TAH) 


TAjiN input high-level pulse width 


125 




62 




ns 


tw(TAL) 


TAjiN input low-level pulse width 


125 




62 




ns 



Timer A 


input (gating input in timer mode) 












Symbol 


Parameter 

■ 


Limits 


Unit 


8MH2 


16MHz 


Min. 


Max. 


Min. 


Max. 


tc(TA) 


TAjiN input cycle time 


1000 




500 




ns 


tw(TAH) 


TAjiN input high-level pulse width 


500 




250 




ns 


tw(TAL) 


TAjiN input low-level pulse width 


500 




250 




ns 



TinriGr A input (external trigger input in one-shot pulse mode) 












Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


Min. 


Max. 


Min. 


Max. 


tc(TA) 


TAjiN input cycle time 


500 




250 




ns 


tw(TAH) 


TAjiN input high-level pulse width 


250 




125 




ns 


tw(TAL) 


TAjiN input low-level pulse width 


250 




125 




ns 



Timer A input (external trigger input in pulse width modulation mode) 












Symbol 


Parameter 


Limits 


Unit 


BMHz 


16MHz 


Min. 


Max. 


Min. 


Max. 


tw(TAH) 


TAjiN input high-level pulse width 


250 




125 




ns 


tw(TAL) 


TAjiN input low-level pulse width 


250 




125 




ns 



Timer A input (Up-down input in event counter mode) 



Symbol 


Parameter 


Limits 


Unit 


BMHz 


16MHz 


Min. 


Max. 


Min. 


Max. 


tc(up) 


TAjouT input cycle time 


5000 




2500 




ns 


tw(UPH) 


TAjouT input high-level pulse width 


2500 




1250 




ns 


tw(UPL) 


TAjouT input low-level pulse width 


2500 




1250 




ns 


tsu(UP-TiN) 


TAjouT input setup time 


1000 




500 




ns 


tn(TiN-up) 


TAjouT input hold time 


1000 




500 




ns 
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TinflGr B input (count input m event counter mode) 


Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


Min. 


Max. 


Min. 


Max. 


tc(TB) 


TBjiN input cycle time (one-edge count) 


250 




125 




ns 


tw(TBH) 


TBjiN input liigh-level pulse width (one-edge count) 


125 




62 




ns 


tw(TBL) 


TBjiN input low-level pulse width (one-edge count) 


125 




62 




ns 


tc(TB) 


TBjiN Input cycle time (both-edges count) 


500 




250 




ns 


tw(TBH) 


TBjiN input high-level pulse width (both-edges count) 


250 




125 




ns 


tw(TBL) 


TBjiN input low-level pulse width (both-edges count) 


250 




125 




ns 



Timer B input (pulse period measurement mode) 












Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


Min. 


Max. 


Min. 


Max. 


tc(TB) 


TBjiN input cycle time 


1000 




500 




ns 


tw(TBH) 


TBjiN input high-level pulse width 


500 




250 




ns 


tw(TBL) 


TBjiN input low-level pulse width 


500 




250 




ns 



Timer B input (pulse width measurement mode) 












Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


Min. 


Max. 


Min. 


Max. 


tc(TB) 


TBjiN input cycle time 


1000 




500 




ns 


tw(TBH) 


TBjiN input high-level pulse width 


500 




250 




ns 


tw(TBL) 


TBjiN input low-level pulse width 


500 




250 




ns 



A-D trigger input 



Symbol 


Parameter 


Limits 


1 

Unit 


8MHz 


16MHz 


Min. 


Max. 


Min. 


Max. 


tc(AD)' 


ADtrg Input cycle time (minimum allowable trigger) 


2000 




1000 




ns 


W(ADL) 


ADtrg input low-level pulse width 


250 




125 




ns 



Serial I/O 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


Min. 


Max. 


Min. 


Max. 


tc(CK) 


CLKj input cycle time 


500 




250 




ns 


tw(CKH) 


CLKj input high-level pulse width 


250 




125 




ns 


tw(CKL) 


CLKj input low-level pulse width 


250 




125 




ns 


td(c-Q) 


TxDj output delay time 




150 




90 


ns 


th(c-Q) 


TxDj hold time 


30 




30 




ns 


tsU(D— C) 


RxDj input setup time 


60 




30 




ns 


th(c-D) 


RxDj input hold time 


90 




90 




ns 


External interrupt input 


Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


Min. 


Max. 


Min. 


Max. 


W(INH) 


INTj input high-level pulse width 


250 




250 




ns 


tw(lNL) 


fNTj input low-level pulse width 


250 




250 




ns 
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SWITCHING CHARACTERISTICS (Vcc=5V±10%, Vss=OV, Ta=25°C, unless otherwrse noted) 

Microprocessor mode 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16IVIHZ 


IVIin. 


Max. 


Min. 


Max. 


td(E— P4Q) 


Port P4 data output delay time 




200 




100 


ns 


td(E-P5Q) 


Port P5 data output delay time 




200 




100 


ns 


td(E-P6Q) 


Port P6 data output delay time 




200 




100 


ns 


td(E— P7Q) 


Port P7 data output delay time 




200 




100 


ns 


td(E-P8Q) 


Port P8 data output delay time 




200 




100 


ns 


td(E-P9Q) 


Port P9 data output delay time 




200 




100 


ns 


td(E— P10Q) 


Port PI data output delay time 




200 




100 


ns 



Test conditions are shown in Fig. 93. 



When wait bit is "1" 












Symbol 


Parameter 


Limits 


Unit 


3MHz 


16MHz 


Min. 


Max. 


Min. 


Max. 


td(AL-E) 


Address low-order output delay time 


100 




30 




ns 


td(E— DHQ) 


Data high-order output delay time (BYTE="L") 




110 




70 


ns 


tpXZ(E— DHZ) 


Floating start delay time (BYTE="L") 




5 




5 


ns 


td(AM — E) 


Address medium-order output delay time 


100 




30 




ns 


td(AM— ALE) 


Address medium-order output delay time 


80 




24 




ns 


td(E— DLQ) 


Data low-order outpilt delay time 




110 




70 


ns 


tpXZ(E— DLZ) 


Floating start delay time 




5 




5 


ns 


td(AH-E) 


Address high-order output delay time 


100 




30 




ns 


td(AH— ALE) 


Address high-order output delay time 


80 




24 




ns 


td(ALE-E) 


ALE output delay time 


4 




4 




ns 


tw(ALE) 


ALE pulse width 


90 




35 




ns 


td(BHE-E) 


BHE output delay time 


100 




30 




ns 


td(BLE-E) 


OLE output delay time 


100 


■ 


30 




ns 


td(R/W— E) 


R/W output delay time 


100 




30 




ns 


td(E-^l) 


9S output delay time 





30 





20 


ns 


th(E-AL) 


Address low-order hold time 


50 




25 




ns 


th(ALE— AM) 


Address medium-order hold time (BYTE="L") 


9 




9 




ns 


th(E— DHQ) 


Data high-order hold time (BYTE="L") 


50 




25 




ns 


tpZX(E— DHZ) 


Floating clear delay time (BYTE="L") 


50 




25 




ns 


th(E— AM) 


Address medium-order hold time (BYTE="H") 


50 




25 




ns 


th(ALE— AH) 


Address high-order hold time 


9 




9 




ns 


th(E— DLQ) 


Data low-order hold time 


50 




25 




ns 


tpZX(E-DLZ) 


Floating clear delay time 


50 




25 




ns 


th(E-BHE) 


BHE hold time 


18 




18 




ns 


th(E-BLE) 


BLE hold time 


50 




25 




ns 


th(E-R/W) 


R/W hold time 


18 




18 




ns 


td(^1-STi) 


STO, ST1 output delay time 




100 




50 


ns 


tw(EL) 


E pulse width 


220 




95 




ns 



Test conditions are sliown in Fig. 93. 
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Test conditions are sliown in Fig. 93. 













Ao/MAo~A7/MA7 
Aa/Ds-Ais/Dis 

Ai6/Do~A23/D7 


r - 1 




<^ 




P4 
P5 


s 


B lOOpF 




P6 








P7 
P8 


7i 


7 




P9 






P10 






E 






^1 















16-BIT CMOS 


MICR 


OCOi¥ 


iPUTER 


When wait bit is "0", and external memory area is accessed 


Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


Min. 


Max. 


Min. 


Max. 


td(AL-E) 


Address low-order output delay time 


100 




30 




ns 


td(E-DHQ) 


Data high-order output delay time ( BYTE="L" ) 




110 




70 


ns 


tpXZ(E— DHZ) 


Floating stattt delay time (BYTE="L") 




5 




5 


ns 


td(AM-E) 


Address medium-order output delay time 


100 




30 




ns 


td(AM— ALE) 


Address medium-order output delay time 


80 




24 




ns 


td(E-DLQ) 


Data low-order output delay time 




110 




70 


ns 


tpXZ(E— DLZ) 


Floating start delay time 




5 




5 


ns 


td(AH— E) 


Address high-order output delay time 


100 




30 




ns 


td(AH— ALE) 


Address high-order output delay time 


80 




24 




ns 


td(ALE-E) 


ALE output delay time 


4 




4 




ns 


tw(ALE) 


ALE pulse width 


90 




35 




ns 


td(BHE-E) 


BHE output delay time 


100 




30 




ns 


td(BLE-E) 


BLE output delay time 


100 




30 




ns 


td(R/W-E) 


R/W output delay time 


100 




30 J 




ns 


*d(E-«h) 


^ output delay time 





30 





20 


ns 


th(E-AL) 


Address low-order hold time 


50 




25 




ns 


th(ALE— AM) 


Address medium-order hold time (BYTE="L") 


9 




9 




ns 


th(E— DHQ) 


Data high-order hold time (BYTE="L") 


50 




25 




ns 


tpZX(E— DHZ) 


Floating clear delay time (BYTE="L") 


50 




25 




ns 


th(E— AM) 


Address medium-order hold time (BYTE="H") 


50 




25 




ns 


th(ALE— AH) 


Address high-order hold time 


9 




9 




ns 


th(E— DLQ) 


Data low-order hold time 


50 




25 




ns 


tpZX(E— DL2) 


Floating clear delay time 


50 




25 




ns 


th(E— BHE) 


BHE hold time 


18 




18 




ns 


th(E— BLE) 


BLE hold time 


50 




25 




ns 


th(E-R/W) 


R/W hold time 


18 




18 




ns 


td(0i-STi) 


STO, ST1 output delay time 




100 




50 


ns 


tw(EL) 


1 pulse width 


470 




220 




ns 



Fig.93 Testing circuit for ports 
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DRAM CONTROL SWITCHING CHARACTERISTICS (Vcc=5V±10% Vss=OV, Ta=25 C. unless otherwise noted) 

Read state 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


Min. 


Max. 


Min. 


Max. 


tw(RASL) 


RAS low-level pulse width 


460 




210 




ns 


tw(CASL) 


CAS low-level pulse width 


330 




160 




ns 


tw(RASH) 


RAS high-level pulse width 


210 




90 




ns 


td(RAS-CAS) 


RAS-CAS delay time 


100 




40 




ns 


td(RA— RAS) 


Row address delay time before RAS 


100 




10 




ns 


th(RAS— RA) 


Row address hold time after RAS 


15 




15 




ns 


td(CA— CAS) 


Column address delay time before CAS 












ns 


th(CAS— CA) 


Column address hold time after CAS 


330 




160 




ns 


td(R/W— RAS) 


R/W delay time before RAS 


100 




30 




ns 


th(CAS— R/W) 


R/W hold time after CAS 












ns 


td(E-RASL) 


RAS delay time after E low-level 




30 




30 


ns 


td(E— CASL) 


CAS delay time after E low-level 




170 




100 


ns 


td(E— RASH) 


RAS delay time after E high-level 





20 





20 


ns 


td(E— CASH) 


CAS delay time after E high-level 





20 





20 


ns 



Test conditions are shown in Fig. 93. 



Write state 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


Min. 


Max. 


Min. 


Max. 


tw(RASL) 


RAS low-level pulse width 


460 




210 




ns 


tw(CASL) 


CAS low-level pulse width 


210 




100 




ns 


tw(RASH) 


rKs high-level pulse width 


210 




90 




ns 


td(RAS— CAS) 


RAS-CAS delay time 


210 




105 




ns 


td(RA— RAS) 


Row address delay time before RAS 


100 




10 




ns 


th(RAS— RA) 


Row address hold time after RAS 


15 




15 




ns 


td(CA— CAS) 


Column address delay time before CAS 


40 




40 




ns 


th(CAS— CA) 


Column address hold time after CAS 


225 




100 




ns 


td(R/W— RAS) 


R/W delay time before RAS 


100 




30 




ns 


th(CAS— R/W) 


R/W hold time after CAS 












ns 


td(E— RASL) 


RAS delay time after 1 low-level 




30 




30 


nS 


td(E— CASL) 


CAS delay time after 1 low-level 




310 




170 


ns 


td(E— RASH) 


RAS delay time after 1 high-level 





20 





20 


ns 


td(E— CASH) 


CAS delay time after E high-level 





20 





20 


ns 



Test conditions are shown in Fig. 93. 



Refresh state 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


Min. 


Max. 


Min. 


Max. 


tw(RASL) 


RAS low-level pulse width 


460 




210 




ns 


td(CAS— RAS) 


CAS-RAS delay time 


100 




40 




ns 


th(RAS— CAS) 


CAS hold time after RAS 


90 




40 




ns 



Test conditions are shown in Fig. 93. 
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TIMING DIAGRAM 



f(X,N) 




Port P4 output 
Port P4 input 

Port P5 output 

Port P5 input 

Port P6 output 
Port P6 input 

Port P7 output 
Port P7 input 
Port P8 output 

Port P8 input 

Port P9 output 
Port P9 input 

Port P10 output 
Port P10 input 



tsU(P4D-E) 




*SU(P5D-E) 



n 



^SU(P6D-E) 



rA 



tsU(P7D-E) 



tsU(P8D-E) 




tsU(P9D-E) h^ ^ . 

A ■ 



tsU(PIOD-E) 



>: 



tdCE 



t|l(E-P4D) 



>: 



td(E 



^ ^ th(E-P5D) 



th(E-P6D) 



>: 



tcl(E-P7Q) 



>\Jh(E 



l(E-P7D) 
-^^ td(E-P8Q) 



X 



th(E-P8D) 



tcl(E-P9Q) 



>: 






>C 



tcl(E-PIOQ) 



Zj^ 
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TAjiN input 



J 



tw(TAH) 



TAjouT input 



tw(UPH) 



/■ ^i 



tc(TA) 



tc(UP) 



tw(UPL) 



r~^ 



i' V 



TAjouT input 
(Up-down input) 



In event counter mode 



TAjiN input 
(When count by falling) 

TAjiN input 
(When count by rising) 



TBjiN input 



>: 



th(T|N-UP) 



/' \ 



^^ 



V 



tc(TB) 



tw(TBL) 



■^i 



/ 



tsU(UP-T|N) 



1 V 



ADtrg input 



CLKi 



TxDj 



RxDj 




INTj input 



tw(lNL) 



th(c-D) 



^. f. 



W(INL) 



:v / 
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Microprocessor mode (When wait bit="1") 



RDY input 



~^.^ V 



\ 



tsU{RDY-(»i) 



/"■ 



/ 



*h(«H-RDY) 



(When wait bit="0") 



RDY input 



\ 



\ 



tsU(RDY-^l) 

-^ 



r' 
/ 



f 



th((*i-RDY) 



(When wait blt="1" or "0" in common) 



tsU(HOLD-(*l) 



HOLD input 



STi output 



A 



tcl(9H-STi) 



^. 



Test conditions 

• Vcc=5V±10% 

• Input timing voltage : Vil=1 OV, V|h=4.0V 

• Output timing voltage : VoL=0.8y, Voh=2.0V 



th(«S1-HOLD) 



r 



td(<*1-STi) 



/ 



i\/irrsuBiSHi 

kELECTRie* 
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Microprocessor mode (When wait bit="1") 

|tw(L)| tw(H) tf I tr 

f(X|N) 






Ao~A7 output 



A8~Ai5/ 

D8~Di5 output 
(BYTE="L") 




ALE output 



BHE output 



BLE output 



R/W output 



Test conditions 
•Vcc=5V±10% 

• Output timing voltage : Vol=0. 8V, Voh=2. OV 

• Do~Di5 input : V,L=0. 8V, V|h=2. 5V 
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Microprocessor mode (When wait bit="0", and external memory area is accessed) 




BLE output 



R/W output 



Test conditions 
•Vcc=5V±10% 

• Output tinning voltage : Vol=0. 8V, Voh=2. OV 

• Do~Di5 input : V,L=0. 8V, V,h=2. 5V 
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When DRAM control 



t(x,J 



v^"^^"^-^"^.^^ 



Atteading , 



At writing 



At refreshing 



RAS output 



CAS output 



MAo-iVlAg 
output 



R/W output 



RAS output 



CAS output 



MAo-MAg 
output 



R/W output 



RAS output 



CAS output 



/ 



7 



tw(RASH) 



/ 



tcl(RA-RAS) 

< 

tdCR/ V 



W— RAS) 



td(CA- 



J 



Row addr ess 



tw(RASH) 



/ 



/ 



}; 



td(RA-RAS) 



Row addr 



V 



:; 



td(E 



t|l(RAS-RA) 



*d(E-RASH) - 



td(E-RASL) 



T 



tw(CASL) 



td(E-CASH) 



th(CAS-CA) 



X 



Column address 



tw(RASL) 



^^ 



th(RAS-RA) 



td(E-RASH)-^ 



td(E-RASL) 



td(E-CASL) 



t 



td(CA-CAS) 



X 



td(E 



th(CAS-CA) 



Column address 



7 



■ td(c 



V 



J 



. td(CAS-R/W) 



t 



\ 



td(CAS-RAS) 



I 



*W(R 



J 



<e ^ 



th(RAS-CAS) 



/ 



Test conditions 
•Vcc=5V±10% 

• Output timing voltage : Vol=0. 8V, Voh=2. OV 

• Do~Di5 input : V|L=0. 8V, V,h=2. 5V 
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DESCRIPTION 

The M37730S2FP, M37730S2AFP, and M37730S2BFP are 
16-bit microcomputers designed with high-performance 
CMOS silicon gate technology. These are housed in a 64- 
pin plastic molded QFP. These microcomputers have a 
large 16M bytes address space, three instruction queue 
buffers, and two data buffers for high-speed instruction ex- 
ecution. The CPU is a 16-bit parallel processor that can 
also be switched to perform 8-bit parallel processing. 
These microcomputers are suitable for office, business, and 
industrial equipment controller that require high-speed pro- 
cessing of large data. 

M37730S2SP, M37730S2ASP, and M37730S2BSP are also 
prepared. These are housed in a 64-pin shrink plastic 
molded DIP. 

The differences of these types are the external clock input 
frequency and package. Therefore, the following descrip- 
tions will be for the M37730S2FP unless otherwise noted. 



Type name 


External clxk input frequency 


Package 


M37730S2FP 


8 MHz 


64P6N 


M37730S2AFP 


16MHz 


64P6N 


M37730S2BFP 


25MHz 


64P6N 


M37730S2SP 


8 MHz 


64P4B 


M37730S2ASP 


16MHz 


64P4B 


M37730S2BSP 


25MHz 


64P4B 



FEATURES 

• Number of basic instructions 103 

• Memory size RAM--* 1024 bytes 

• Instruction execution time 
M37730S2FP, M37730S2SP 

(The fastest instruction at 8 MHz frequency) - 500ns 

M37730S2AFP, M37730S2ASP 

(The fastest instruction at 16 MHz frequency) 250ns 

• M37730S2BFP, M37730S2BSP 

(The fastest instruction at 25 MHz frequency) 160ns 

• Single power supply -■5V±10% 

• Low power dissipation (at 8 MHz frequency) 

- 30mW(Typ.) 

• Interrupts 14 types 7 levels 

• Multiple function 16-bit timer --• 5+1 

• UART (may also be synchronous) 1 

• 12-bit watchdog timer 

• Programmable input/output 

(ports P4, P5, P6, P8) 25 

• Pulse output port 4-bitX2 

APPLICATION 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, personal 
computers, and HDD. 

Control devices for industrial equipment such as ME, NC, 
communication and measuring instruments. 



PIN CONFIGURATION (TOP VIEW) 



P6o/TA4out/RTP13 ' 

P5r/TA3|N • 

P56/TA3out/RTP12- 

P55/TA2,n/RTP1i ■ 

P54/TA2out/RTP1o ' 

P53/TA1|n/RTP03- 

P52/TA1out/RTP02- 

P5i/TA0,n/RTP0i ■ 

PSq/TAOqut/RTPOq • 

P47/DBC* ■ 

P46/VPA* - 

P45/VDA* ■ 

P44/QCL* ■ 

P43/MX* ■ 

RDY- 



MM 



DQ K -1 

H 10 O 

M t t t 



Q Q 

iii < < < 

t t t ! t t 



o 



O 



CO CO 

N3 IS5 
03 > 



o 



lizl N N N 
t t ! t 
13 tii I It 



|2lJl22j|23j|24ll25Jl26| 

t i i i i 



y [28] y l30| ^ y 

i i M M 



As/Da 

A9/D9 

A10/D10 

A11/D11 

A12/D12 

A13/D13 

A14/D14 



A17/D1 
Aie/Dz 
A19/D3 



O loc 



< < < < 



Outline 64P6N 



Vcc 
P67 

P66 

P65/TBO1N 

P64/INf^ 

P63/INf; 

P62/INT^ 

P6i/TA4,N 

P6o/TA4out/RTP13 

P57/TA3,N 

P56/TA3out/RTP12 

P55/TA2,fg/RTP1i 

P54/TA2out/RTP1o 

P53/TA1,n/RTP03 

P52/TAI0UT/RTPO2 

P5i/TA0,n/RTP0i 

PSq/TADout/RTPOo 

P47/OBC* 

P46/VPA* 

P45/VDA* 

P44/QCL* 

P43/MX* 

_^ 

RDY 

HOLD 

BYTE 

CNVss 



d 
K 
E 
E 
E 
E 
E 
E 



RESET 

'X,N 
XquT 

E 
Vss 



r—iO 
E CO 

-^(20 

>^|22 

-►[26 

-.1 

-1 

-1 



o 

CO 

> 

CO 



~^ ^ P8o/CTS^/RfS^ 
m^^-PSi/CLKo 
il^PSa/RxDo 
Ij] ** P83/TXD0 
H^Ao 
l-^Ai 
11-*A2 
57l->A3 

il-A4 
il-^As 

El— As 

i|-A7 

^ H^^Aq/Ds 

CO ill^Ag/Dg 

o3 il*-Aio/Dio 
-O 49l**Aii/Dii 

g 48l^Ai2/Di2 

-O 47l**Ai3/Di3 

ll^Ai4/Di4 

il**Ai5/Di5 
44l**Ai6/Do 

42l**Ai8/D2 

4l]**Ai9/D3 

H ** A20/D4 
il^A2i/D5 

il**A22/D6 
37|**A23AD7 
H -► R/W 
H— BHE 

— ALE 

— HLDA 



* : 



Outline 64P4B 

Used in the evaluation chip mode only 
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Ills 
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< 

< 

5 
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CM 

o 

CO 




^©-^ 




L 
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o 



Data Bus(Even) 



c 



I ^ Data Buffer DBh(8) 



< D ^Data Buffer DBl(8) | C"^i^ 

< ^ I| Instruction Queue Buffer Qo(8) |(^ — "~ 



^1=( 



Instruction Queue Buffer 



^^ 



Qi(8)K r ^ [^ 



instruction Queue Buffer Q2(8) 



}:^ 



Data BusCOdd) 



::> 



3 



iD I Incrementer (24) 



l | Program Address Register PA(24) | 

^ ""] Data Address Register DA(24) I 



X 



Z^ Incrementer/Decrementer (24)t 



Program Counter PC(16) 



Program Bank Register PG(8) I 



Data Bank Register DT(8) 



X 



C 



Input Buffer Register IB(16) 



Processor Status Register PS(11 ) j 



I Direct Page Register DPR(16)J 

C"* Tstack Pointer S(16) 
^^izz j Index Register Y(16) 



m=i 



Index Register X(16) 



Accumulator 8(16) 



^^ 



Accumulator A( 16) 



^ 



7^ , 

^k Arithmetic Logic ^r 
X Unit(16) X 



Address Bus 




Ul 
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FUNCTIONS OF M37730S2FP 


Parameter 


Functions 


Number of basic instructions 


103 


Instruction execution time 


M37730S2FP, M37730S2SP 


500ns (the fastest instructions, at 8MHz frequency) 


M37730S2AFP, M37730S2ASP 


250ns (the fastest instructions, at 16MHz frequency) 


M37730S2BFP, M37730S2BSP 


160ns (the fastest instructions, at 25MHz frequency) 


Memory size 


RAM 


1024 bytes 


Input/Output ports 


P5. P6 


8 -bitX 2 


P4 


5 -bitX 1 


P8 


4 -bitX 1 


Multi-function timers 


TAO, TA1,TA2, TA3, TA4 


16-bitX5 


TBO 


16-bitX1 


Serial I/O 


(UART or clock synchronous serial l/0)X 1 


Watchdog timer 


12-bitX 1 


Interrupts 


3 external types, 1 1 internal types 

(Each interrupt can be set the priority levels to ~ 7.) 


Clock generating circuit 


Built-in(externally connected to a ceramic resonator or quartz crystal resonator) 


Supply voltage 


5V±10% 


Power dissipation 


30mW( at external 8 MHz frequency) 


Input/Output ciiaracteristic 


Input/Output voltage 


5V 


Output current 


5 mA 


Memory space 


16M bytes 


Operating temperature range 


-20~85°C 


Device structure 


CMOS high-performance silicon gate process 


Package 


M37730S2FP, M37730S2AFP, M37730S2BFP 


64-pin plastic molded QFP 


M37730S2SP, M37730S2ASP, M37730S2BSP 


64-pin shrink plastic molded DIP 
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PIN DESCRIPTION 



Pin 


Name 


Input/Output 


Functions 


Vcc, Vss 


Power supply 




Supply 5 V±10% to Vcc and V to Vss. 


CNVss 


CNVss input 


Input 


Connect to Vcc. 




Reset input 


Input 


To enter the reset state, this pin must be kept at a "L" condition should be maintained for the required 
time: ' 


RESET 


X|N 


Clock input 


Input 


These are I/O pins qf internal clock generating circuit. Connect a ceramic or quartz crystal resonator ber 
tween Xin and Xqut. When an external clock is used, the clock source should be connected to the Xin pin 
and the XouT pin should be left open. 


XoUT 


Clock output 


Output 


E 


Enable output 


Output 


Data or instruction read and data write are performed when output from this pin is "L". 


BYTE 


Bus width selection input 


Input 


This pin determines whether the external data bus is 8-bit width or 16-bit width. The width is 16 bits when 
"L" signal inputs and 8 bits when "H" signal inputs. 


H 


Clock output 


Output 


This pin outputs the clock </>^ which is divided the clock to Xin pin by 2. 


RDY 


Ready 


Input 


This is ready input pin. This is an input pin for the RDY signal. Internal clock stops while this signal is "L". 


HOLD 


Hold request input 


Input 


This is an input pin for HOLD request signal. The microcomputer enters into hold state while this signal is 
"L". 


HLDA 


Hold acknowledge output 


Output 


This is an output pin for HLDA signal, indicates the hold state. 


R/W 


Read/Write output 


Output 


"H" indicates the read status and "L" indicates the write status. 


BHE 


Byte high enable output 


Output 


"L" is output when an odd-numbered address is accessed. 


ALE 


Address latch enable 
output 


Output 


This is used to retrieve only the address data from address data and data multiplex signal. 


Ao~A7 


Address (low-order) 
output 


Output 


Address (A7~Ao) is output. 


As/Ds- 
A15/D15 


Address (middle-order) 
output/Data (high-order) 
I/O 


I/O 


In case the BYTE pin is "L" and an external data bus is 16-bit width, high-order data (Di5~D8) is input or 
output when E output is "L" and an address (Ai5~A8) is output when E output is "H". In case the BYTE pin 
is "H" and an external data bus is 8-bit Width, only address (Ai5~A8) is output. 


Ai6/Do~ 
A23/D7 


Address (high-order) 
output/Data (low-order) 
I/O . 


I/O 


Low-order data (D7~Do) is input or output when E output is "L", and an address (A23~Ai6) is output when 
E output is "H". 


P43~P47 


I/O port P4 


I/O 


Port P4 is a 5-bit I/O port. This port has an data direction register and each pin can be programmed for in- 
put or output. This port is in input mode when reset. 


P5o~P57 


I/O port P5 


I/O 


Port P5 is a 8-bit I/O port. This port has an data direction register and each pin can be programmed for in- 
put or output. This port is in input mode when reset. 
These pins also function as I/O pins for timer AQ, timer A1, timer A2 and timer A3. 


P6o~P67 


I/O port P6 


I/O 


In addition to having the same functions as port P5, these pins also function as I/O pins for timer A4, exter- 
nal interrupt input INTo, INT1 and INT2 pins, and input pin for timer BO. 


P8b~P83 


I/O port P8 


I/O 


Port P8 is a 4-bit I/O port. This port has an data direction register and each pin can be programmed for in- 
put or output. This port is in input mode when reset. These pins also function as RxD, TxD, CLK, CTS7RT8 
pins for UARTO. . 
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BASIC FUNCTION BLOCKS 

The M37730S2FP contains the following devices on a chip: 
RAM for storing data, CPU for processing, bus interface 
unit (which controls instruction prefetch and data read/write 
between CPU and memory) , timers, UART, and other 
peripheral devices such as I/O ports. Each of these de- 
vices are described below. 

MEMORY 

The memory map is shown in Figure 1. The address space 
is 16M bytes from addresses 0^e to FFFFFFie. The address 
space is divided into 64K bytes units called banks. The 
banks are numbered from 0i6 to FF^e- 
Built-in RAM and control registers for built-in peripheral de- 
vices are assigned to bank Oie- 



Addresses FFDCie to FFFFie are the RESET and interrupt 
vector addresses and contain the interrupt vectors. Use 
ROM for memory of this address. Refer to the section on 
interrupts for details. 

The 1024 bytes area from addresses 8O16 to 47Fi6 contains 
the built-in RAM. In addition to storing data, the RAM is 
used as stack during a subroutine call, or interrupts. 
Assigned to addresses O16 to 7Fi6 are peripheral devices 
such as I/O ports, UART, timer, and interrupt control regis- 
ters. 

A 256 bytes direct page area can be allocated anywhere in 
bank O16 using the direct page register DPR. In direct page 
addressing mode, the memory in the direct page area can 
be accessed with two words thus reducing program steps. 



Bank Oie^ 



Bank lie 



Bank FE 



Bank FFie 




OOOOOO16 



00007 Fi> 



Peripheral devices 
control registers 

/ see Fig. 2 for \ 
Ifurther information) 



,FFFFFFi6 I 



I I '. Internal 

J]^_2r]]J : External 



OOFFFFie 



Interrupt vector table 

OOFFDCib/JTIarto transmission! 

/I -H 

/ I UARTO receive I 

/ I 1 

/ I I 

'I I 

/ , , 

/ I Timer BO 1 

/ I 1 

/ I Timer A4 I 

I _^ 

/ I Timer A3 1 

I Timer A2 1 

/ H 1 

/ I Timer A1 1 

/ I -i 

I Timer AO 1 

I -:^=^ 1 

.1___J^I?___| 

I INTo I 

I ._, _, 

I Watchdog timer 1 

h- ^ 

] D BC __j 

I BRK instruction I 

I -I 

I Zero divide 1 

I : _, 

OOFFFEiel RESET I 



Fig. 1 Memory map 
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Address ( Hexad ecimal notation) 
000000 



000001 
000002 
000003 
000004 
000005 
000006 
000007 
000008 
000009 
OOOOOA 
OOOOOB 
OOOOOC 
OOOOOD 
OOOOOE 
OOOOOF 
000010 
000011 
000012 
000013 
000014 
000015 
000016 
000017 
000018 
000019 
00001 A 
00001 B 
00001 C 
00001 D 
00001 E 
00001 F 
000020 
000021 
000022 
000023 
000024 
000025 
000026 
000027 
000028 
000029 
00002A 
000028 
00002C 
00002D 
00002E 
00002F 
000030 
000031 
000032 
000033 
000034 
000035 
000036 
000037 
000038 
000039 
00003A 
00003B 
00003C 
00003D 
00003E 
00003 F 



PortP5 



Port P4 data direction register 



Port P5 data direction register 



Port P6 



Port P6 data direction register 



Port P8 



Port P8 data direction register 



UARt transmit/receive mode register 



UART bit rate generator 



UARTO transmission buffer register 



UART transmit/receive control register 



UART transmit/receive control register 1 



UART receive buffer register 



Address (Hexadecimal notation) 



000040 


Count start flag 


000041 




000042 


One shot start flag 


000043 




000044 


Up-down flag 


000045 




000046 
000047 


Timer AO 


000048 
000049 


Timer A1 


00004A 
00004B 


Timer A2 


00004C 
00004D 


Timer A3 


00004E 
00004F 


Timer A4 


000050 
000051 


Timer BO 


000052 




000053 




000054 




000055 




000056 


Timer AO mode register 


000057 


Timer A1 mode register 


000058 


Timer A2 mode register 


000059 


Timer A3 mode register 


00005A 


Timer A4 mode register 


00005B 


Timer BO mode register 


00005C 




00005D 




00005E 


Processor mode register 


00005F 




000060 


Watchdog timer 


000061 


Watchdog timer frequency selection flag 


000062 


Waveform output mode register 


000063 




000064 


Pulse output data register 1 


000065 


Pulse output data register 


000066 




000067 




oooq68 




000069 




00006A 




00006B 




00006C 




00006D 




00006E 


. 


00006F 




000070 




000071 


UARTO transmission interrupt control register 


000072 


UARTO receive interrupt control register 


000073 




000074 




000075 


Timer AO interrupt control register 


000076 


Timer A1 interrupt control register 


000077 


Timer A2 interrupt control register 


000078 


Timer A3 interrupt control register 


000079 


Timer A4 interrupt control register 


00007A 


Timer BO interrupt control register 


00007B 




00007C 




00007D 


IN To interrupt control register 


00007E 


iNTi interrupt control register 


00007F 


INT2 interrupt control regiter 



Fig. 2. Location of peripiieral devices and interrupt control registers 
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CENTRAL PROCESSING UNIT (CPU) 

The CPU has ten registers and is shown in Figure 3. Each 
of these registers is described below. 

ACCUMULATOR A (A) 

Accumulator A is the main register of the microcomputer. It 
consists of 16 bits and the lower 8 bits can be used separ- 
ately. The data length flag m determines whether the regis- 
ter is used as 16-bit register or as 8-bit register. It Is used 
as a 16-blt register when flag m is "0" and as an 8-bit reg- 
ister when flag m is "1". Flag m is a part of the processor 
status register (PS) which is described later. 
Data operations such as calculations, data transfer, input/ 
output, etc., is executed mainly through the accumulator. 

ACCUMULATOR B (B) 

Accumulator B has the same functions as accumulator A, 
but the use of accumulator B requires more instruction 
bytes and execution cycles than accumulator A. 

INDEX REGISTER X (X) 

Index register X consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x is 
"0" and as an 8-bit register when flag x is "1". Flag x is a 
part of the processor status register (PS) which is de- 
scribed later. 



In index addressing mode, register X is used as the index 
register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the contents of index register X indicates the low- 
order 16 bits of the source data address. The third byte of 
the MVP and MVN is the high-order 8 bits of the source 
data address. 

INDEX REGISTER Y (Y) 

Index register Y consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x "0" 
and as an 8-bit register when flag x is "1". Flag x is a part 
of the processor status register (PS) which is described 
later. 

In index addressing mode, register Y is used as the index 
register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the content of index register Y indicates the low- 
order 16 bits of the destination address. The second byte of 
the MVP and MVN is the high-order 8 bits of the destina- 
tion data address. 



7 

I PG I Program bank register PG 

7 

I Qj I Data bank register DT 



Ah 



Al 



~j Accumulator A 



Bl 



Accumulator B 



Xl 



Yh 



Yl 



j Index register X 

n index register Y 



PC 



n stack pointer S 



J Program counter PC 



DPR 



I Direct page register DPR 



15 7 

I I I I I |iPL2|iPLi|iPLo| N I V I m I X I D I I I Z I C I Processor status register PS 

*— Carry flag 

' Zero flag 

Interrupt disable flag 

Decimal mode flag 

— — Index register length flag 

— : — Data length flag 

-" — Overflow flag 

— — Negative flag 

~ Processor interrupt priority level IPL 



Fig. 3 Register structure 



MITSUBISHI 
L ELECTRIC 



2-185 



MITSUBISHI MICROCOMPUTERS 



IVI37730S2FP,IVI37730S2AFP,IVI37730S2BFP 
M37730S2SP,M37730S2ASP,IVI37730S2BSP 



16-BIT CMOS MICROCOMPUTER 



STACK POINTER (8) 

stack pointer (S) is an 16-bit register. It is used during a 
subroutine call or interrupts. It is also used during stack, 
stack pointer relative, or stack pointer relative indirect in- 
dexed Y addressing mode. 

PROGRAM COUNTER (PC) 

Program counter (PC) is a 16-bit counter that indicates the 
low-order 16 bits of the next program memory address to 
be executed. These is a bus interface unit between the 
program memory and the CPU, so that the program mem- 
ory is accessed through bus interface unit. This is de- 
scribed later. 

PROGRAM BANK REGISTER (PG) 

Program bank register is an 8-bit register that indicates the 
high-order 8 bits of the next program memory address to 
be executed. When a carry occurs by incrementing the 
contents of the program counter, the cotents of the program 
bank register (PG) is incremented by 1. Also, when a carry 
or borrow occurs after adding or subtracting the offset 
value to or from the contents of the program counter (PC) 
using branch instruction, the contents of the program bank 
register (PG) is incremented or decremented by 1 so that 
programs can be written without worrying about bank 
boundaries. 

DATA BANK REGISTER (DT) 

Data bank register (DT) is an 8-bit register. With some 
addressing modes, a part of the data bank register (DT) is 
used to specify a memory address. The contents of data 
bank register (DT) is used as the high-order 8 bits of a 24- 
bit address. Addressing modes that use the data bank reg- 
ister (DT) are direct indirect, direct indexed X indirect, 
direct indirect indexed Y, absolute, absolute bit, absolute 
indexed X, absolute indexed Y, absolute bit relative, and 
stack pointer relative indirect indexed Y. 

DIRECT PAGE REGISTER (DPR) 

Direct page register (DPR) is a 16-bit register. Its contents 
is used as the base address of a 256-byte direct page 
area. The direct page area is allocated in bank 0, but when 
the contents of DPR Is FFOIfe or greater, the direct page 
area spans across bank and bank 1. All direct addressing 
modes use the contents of the direct page register (DPR) 
to generate the data address. If the low-order 8 bits of the 
direct page register (DPR) is "OOie", the number of cycles 
required to generate ah address is minimized. Normally the 
low-order 8 bits of the direct page register (DPR) is set to 

"00i6". 



PROCESSOR STATUS REGISTER (PS) 

Processor status register (PS) is an 11 -bit register. It con- 
sists of a flag to Indicate the result of operation and CPU 
interrupt levels. 

Branch operations can be performed by testing the flags C, 
Z, V, and N. 

The details of each processor status register bit are de- 
scribed below. 

1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the ALU after an arithmetic operation. This flag is also 
affected by shift and rotate instructions. This flag can be set 
and reset directly with the SEC and CLC instructions or 
with the SEP and CLP instructions. 

2. Zero flag (Z) 

This zero flag is set if the result of an arithmetic operation 
or data transfer is zero and reset if it is not. This flag can 
be set and reset directly with the SEP and CLP instructions. 

3. Interrupt disable flag ( I ) 

When the interrupt disable flag is set to "1", all interrupts 
except watchdog timer, DBC, and software interrupt are 
disabled. This flag vis set to "1" automatically when these is 
an interrupt. It can be set and reset directly with the SEI 
and CLI instructions or SEP and CLP instructions. 

4. Decimal mode flag (D) 

The decimal mode flag determines whether addition and 
subtraction are performed as binary or decimal. Binary 
arithmetic is performed when this flag is "0". If it is "1", de- 
cimal arithmetic is performed with each word treated as 
two or four digit decimal. Arithmetic operation is performed 
using four digits when the data length flag m is "0" and with 
two digits when it is "1". (Decimal operation is possible 
only with the ADC and SBC instructions.) This flag can be 
set and reset with the SEP and CLP instructions. 
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5. Index register length flag (x) 

The index register length flag determines whether index 
register X and index register Y are used as 16-bit registers 
or as 8-bit registers. The registers are used as 16-bit regis- 
ters when flag x is "0" and as 8-bit registers when it is "1". 
This flag can be set and reset with the SEP and CLP in- 
structions. 

6. Data length flag (m) 

The data length flag determines whether the data length is 
16-bit or 8-blt. The data length is 16-bit when flag m is "0" 
and 8-bit when it is "1". This flag can be set and reset with 
the SEM and CLM instructions or with the SEP and CLP in- 
structions. 

7. Overflow flag (V) 

The overflow flag has meaning when addition or subtraction 
is performed a word as signed binary number. When the 
data length flag m is "0", the overflow flag is set when the 
result of addition or subtraction is outside the range be- 
tween -32768 and +32767. When the data length flag m 
is "1", the overflow flag is set when the result of addition or 
subtraction is outside the range between —128 and +127. 
Tt is reset in all other cases. The overflow flag can also be 
set and reset directly with the SEP, and CLV or CLP in- 
structions. 

8. Negative flag (N) 

The negative flag is set when the result of arithmetic op- 
eration or data transfer is negative (If data length flag m is 
"0", when data bit 15 is "1". If data length flag m is "1", 
when data bit 7 is "1".) It is reset in all other cases. It can 
also be set and reset with the SEP and CLP instructions. 



9. Processor interrupt priority level (IPL) 

The processor interrupt priority level (IPL) consists of 3 bits 
and determines the priority of processor interrupts from 
level to level 7. Interrupt is enabled when the interrupt 
priority of the device requesting interrupt (set using the in- 
terrupt control register) is higher than the processor inter- 
rupt priority. When interrupt is enabled, the current proces- 
sor interrupt priority level is saved in a stack and the pro- 
cessor interrupt priority level is replaced by the interrupt 
priority level of the device requesting the interrupt. Refer to 
the section on interrupts for more details. 



BUS INTERFACE UNIT 

The CPU operates on an internal clock frequency which is 
obtained by dividing the external clock frequency i{x^^) by 
two. This frequency is twice the bus cycle frequency. In 
order to speed-up processing, a bus interface unit is used 
to pre-fetch instructions when the data bus is idle. The bus 
interface unit synchronizes the CPU and the bus and pre- 
fetches instructions. Figure 4 shows the relationship be- 
tween the CPU and the bus interface unit. The bus inter- 
face unit has a program address register, a 3-byte instruc- 
tion queue buffer, a data address register, and a 2-byte 
data buffer. 

The bus interface unit obtains an instruction code from 
memory and stores it in the instruction queue buffer, 
obtains data from memory and stores it in the data buffer, 
or writes the data from the data buffer to the memory. 







. DSs-D'a 

N ^ 

A'23~A'o 








=> 
^ 




CPU 




Bus interface 
unit 
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. D7~Do 

■X/^ 
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Control signal 

Ni ■ ■ 


_;\ 

1^ 


BHE 


R/W 




E 




ALE 




^ BYTE 




^ HOLD 1 

















Fig. 4 Relationship between the CPU and the bus interface unit 
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The bus interface unit operates using one of the waveforms 
(1) to (6) shown in Figure 5. The standard waveforms are 
(l)and(2). 

The ALE signal is used to latch only the address signal 
from the multiplexed signal containing data and address. 
The E signal becomes "L" when the bus interface unit 
reads an instruction code or data from memory or when it 
writes data to memory. Whether to perform read or write is 
controlled by the R/W signal. Read is performed when the 
R/W signal is "H" state and write is performed when it is 
"L" state. 

Waveform (1) in Figure 5 is used to access a single byte or 
two bytes simultaneously. To read or write two bytes simul- 
taneously, the first address accessed must be even. Furth- 
ermore, when accessing an external memory area, set the 
bus width selection input pin BYTE to "L". (external data 
bus width to 16 bits) The internal memory area is always 
treated as 16-bit bus width regardless of BYTE. 
When performing 16-bit data read or write, if the conditions 
for simultaneously accessing two bytes are not satisfied, 
waveform (2) is used to access each byte one by one. 
However, when prefetching the instruction code, if the 
address of the Instruction code is odd, waveform (1) is 
used, and only one byte is read in the instruction queue 
buffer. 

The signals Aq and BHE in Figure 5 are used to control 
these cases: 1 -byte read from even address, 1-byte read 
from odd address, 2-byte simultaneous read from even and 
odd addresses, 1-byte write to even address, 1-byte write 
to odd address, or 2-byte simultaneous write to even and 
odd addresses. The Aq signal that is the address bit is 
"L" when an even number address Is accessed. The BHE 
signal becomes "L" when an odd number address is 
accessed. 

The bit 2 of processor mode register (address SE^e) is the 
wait bit. When this bit is set to "0", the "L" width of E sigrial 
Is 2 times as long when accessing an external memory 
area. However, the "L" width of E signal is not extended 
when an internal memory area is accessed. When the wait 
bit is "1", the "L" width of E signal is not extended for any 
access. Waveform (3) is an expansion of the "L" width of E 
signal in waveform (l). Waveform (4), (5), and (6) are ex- 
pansion of each "L" width of E signal in waveform (2), first 
half of waveform (2), and the last half of waveform (2) re-- 
spectively. 



Internal clock ^^''^J^jrUTLTiJlJlSX^ 
Ai/Dj ^ aXD 

E 



(1)< 



ALE 




(2)< 



E 



n n. 



(3)< 



E — — I r" 



ALE 



h 



(4)< 



Ai/Dj XTyT-^ygi y d y c 
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(6)< 
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Ai/Dj indicates nriultiplex I/O pin with address data and data. 



\^ Access 

SignalX^ 


Access 2-byte 
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1 
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Ao 
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Fig. 5 Relationship between access method and 
signals Ao and BHE 
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Instruction code read, data read, and data write are de- 
scribed below. 

Instruction code read will be described first. 
The CPU obtains instruction codes from the instruction 
queue buffer and executes thenn. The CPU notifies the bus 
interface unit that it is requesting an instruction code during 
an instruction code request cycle. If the requested instruc- 
tion code is not yet stored in the instruction queue buffer, 
the bus interface unit halts the CPU until it can store more 
instructions than requested in the instruction queue buffer. 
Even if there is no instruction code request from the CPU, 
the bus interface unit reads instruction codes from memory 
and stores them in the instruction queue buffer when the 
instruction queue buffer is empty or when only one instruc- 
tion code is stored and the bus is idle on the next cycle. 
This is referred to as instruction pre-fetching. 
Normally, when reading an instruction code from memory, if 
the accessed address is even the next odd address is read 
together with the instruction code and stored in the instruc- 
tion queue buffer. 

However, if the bus width switching pin BYTE is "H", exter- 
nal data bus width is 8 bits and the address to be read is in 
external memory area is odd, only one byte is read and 
stored in the instruction queue buffer. Therefore, waveform 
(1) or (3) in Figure 5 is used for instruction code read. 
Data read and write are described belOw. 
The CPU notifies the bus interface unit when performing 
data read or write. At this time, the bus interface unit halts 
the CPU if the bus interface unit is already using the bus or 
if there is a request with higher priority. When data read or 
write is enabled, the bus interface unit uses one of the 
waveforms from (1 ) to (6) in Figure 5 to perform the opera- 
tion. 

During data read, the CPU waits until the entire data is 
stored in the data buffer. The bus interface unit sends the 
address received from the CPU to the address bus. Then it 
reads the memory when the E signal is "L" and stores the 
result ih the data buffer. 

During data write, the CPU writes the data in the data buf- 
fer and the bus interface unit writes it to memory. There- 
fore, the CPU can proceed to the next step without waiting 
for write to complete. The bus interface unit sends the 
address received from the CPU to the address bus. Then 
when the E signal is "L", the bus interface unit sends the 
data in the data buffer to the data bus and writes it to 
memory. 
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INTERRUPTS 

Table 1 shows the interrupt types and the corresponding 
interrupt vector addresses. Reset is also treated as a type 
of interrupt and Is discussed in this section, too. 
DBC is an interrupt used during debugging. 
Interrupts other than reset, DBG, watchdog timer, zero di- 
vide, and BRK instruction all have interrupt control regis- 
ters. Table 2 shows the addresses of the interrupt control 
registers and Figure 6 shows the bit configuration of the in- 
terrupt control register. 

The interrupt request bit is automatically cleared by the 
hardware during reset or when processing an interrupt. 
Also, interrupt request bits other than DBC and watchdog 
timer can be cleared by software. 

INT2 to INTo are external interrupts and whether to cause 
an interrupt at the input level (level sense) or, at the edge 
(edge sense) can be selected with the level sense/edge 
sense selection bit. Furthermore, the polarity of the inter- 
rupt input can be selected with polarity selection bit. 
Timer and UART interrupts are described in the respective 
section. 



The priority of interrupts when multiple interrupts are 
caused simultaneously is partially fixed by hardware, but, it 
can also be adjusted by software as shown in Figure 7. The 
hardware priority is fixed the following: 
reset > DBC > watchdog timer > other interrupts 



Table 1. 



Interrupt types and the interrupt vector 
addresses 



Interrupts 


Vector addresses 


UARTO transmit 


OOFFDC16 OOFFDD16 


UARTO receive 


OOFFDE16 OOFFDF16 


Timer BO 


00FFE4i6 00FFE5i6 


Timer A4 


OOFFE616 00FFE7i6 


Timer A3 


OOFFE816 00FFE9i6 


Timer A2 


OOFFEA16 OOFFEB16 


Timer A1 


OOFFEC16 OOFFED16 


Timer AO 


OOFFEE16 POFFEF16 


INT2 external interrupt 


OOFFFO16 Q0FFF1i6 


INT1 external interrupt 


0OFFF2i6 00FFF3i6 


INTo external interrupt 


00FFF4i6 00FFF5i6 


Watchdog timer 


OOFFF616 00FFF7i6 


DBC (unusable) 


OOFFF816 00FFF9i6 


Break instruction 


OOFFFAie OOFFFB16 


Zero divide 


OOFFFC16 OOFFFD16 


Reset 


OOFFFE16 OOFFFF16 



7 6 5 4 3 2 10 



Interrupt priority 

Interrupt request bit 

: No interrupt 

'. Interrupt 



1 



Interrupt control register configuration for UARTO, timer A4 to timer AO, and timer BO 



7 6 5 4 3 2 1 



^ 



Interrupt priority 

- Interrupt request bit 

: No interrupt 

1 : Interrupt 

" Polarity selection bit 

: Set interrupt request bit at "H" level for level sense and when changing from "H" to "L" 

level for edge sense. 

1 '. Set interrupt request bit at "L" level for level sense and when changing from "L" to "H" 

level for edge sense. 

- Level sense/edge sense selection bit ' 

: Edge sense 

1 : Level sense " 



Interrupt control register configuration for INT2~INTo. 



Fig. 6 Interrupt control register configuration 
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Table 2. Addresses of interrupt control registers 



Interrupt control registers 


Addresses 


UARTO transmit interrupt control register 


000071 16 


UARTO receive interrupt control register 


000072i6 


Tinner AO interrupt control register 


00007516 


Timer A1 interrupt control register 


000076i6 


Timer A2 interrupt control register 


000077i6 


Timer A3 interrupt control register 


000078i6 


Timer A4 interrupt control register 


000079i6 


Timer BO interrupt control register 


00007 Ai 6 


INTo interrupt control register 


00007Di6 


INT1 interrupt control register 


00007Ei6 


INT2 interrupt control register 


00007Fi6 



Interrupts caused by a BRK instruction and wlien dividing 
by zero are software interrupts and are not included in this 
list. 

Other interrupts previously mentioned are UART, Timer, 
INT interrupts. The priority of these interrupts can be 
changed by changing the priority level in the corresponding 
interrupt control register by software. 
Figure 8 shows a diagram of the interrupt priority resolution 
circuit. When an interrupt is caused, the each interrupt de- 
vice compares its own priority with the priority from above 
and if its own priority is higher, then it sends the priority be- 
low and requests the interrupt. If the priorities are the 
same, the one above has priority. 

This comparison is repeated to select the interrupt with the 
highest priority among the interrupts that are being re- 
quested. Finally the selected interrupt is compared with the 
processor interrupt priority level (IPL) contained In the pro- 
cessor status register (PS) and the request is accepted if it 
is higher than IPL and the interrupt disable flag I is "0". The 
request is not accepted if flag I is "1". The reset, DBC, and 
watchdog timer interrupts are not affected by the interrupt 
disable flag I. 

When an interrupt is accepted, the contents of the proces- 
sor status register (PS) is saved to the stack and the inter- 
rupt disable flag I is set to "1". 

Furthermore, the interrupt request bit pf the accepted inter- 
rupt is cleared to "0" and the processor interrupt priority 
level (IPL) In the processor status register (PS) is replaced 
by the priority level of the accepted interrupt. 
Therefore, multi-level priority interrupts are possible by re- 
setting the interrupt disable flag I to "0" and enable further 
Interrupts. 

For reset, DBC, watchdog timer, zero divide, and BRK in- 
struction interrupts, which do not have an interrupt control 
register, the processor interrupt level (IPL) is set as shown 
in Table 3. 



Priority resolution is performed by latching the interrupt re- 
quest bit and interrupt priority level so that they do not 
change. They are sampled at the first half and latched at 
the last half of the operation code fetch cycle. 
Because priority resolution takes some time, no sampling 
pulse is generated for a certain interval even if it is the next 
operation code fetch cycle. 



Priority is determined by hardware 



® 



(D 



® 



DE3- 



Watchdog 
timer " 



Reset 



UART, Timer, INT interrupts 

Priority can be clianged witli software inside ( 



Fig. 7 Interrupt priority 















Level 




UARTO transmit 


—J 








Interrupt request 


UARTO receive 


— -Y 










i 


S 

^ 


Timer BO 


^ 




(\ 


Timer A4 
















Reset 


r 


1 


Timer A3 


— y 













Timer A2 


\-^ 






jt 


Timer A1 


-Y 




DBC 


Timer AO 


\-^ 






Q 


INT2 


\-^ 




Q 


INT1 


Y 




Watchdog 
timer 
















INTo 


Y 




Interrupt disat 


le flag j 

A 






\ 


^ 




I IPL 


T 


. 























Fig. 8 Interrupt priority resolution 
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As shown in Figure 9, tliere are tliree different interrupt 
priority resolution time from whicli one is selected by soft- 
ware. After the selected time has elapsed, the highest 
priority is determined and is processed after the currently 
executing instruction has been completed. 
The time is selected with bits 4 and 5 of the processor 
mode register (address SEie) shown in Figure 10. Table 4 
shows the relationship between these bits and the number 
of cycles. After a reset, the processor mode register is in- 
itialized to "OOie" and therefore, the longest time is 
selected. 
However, the shortest time may be selected by software. 



Table 3. Value set in processor interrupt level (IPL) 
during an interrupt 



interrupt types 


Setting value 


Reset 





DBC 


7 . 


Watchdog timer 


7 


Zero divide 


Not change value of IPL. 


BRK instruction 


Not change value of IPL. 



Table 4. Relationship between priority level evaluation 
time selection bit and number of cycles 



Priority level resolution time selection bit 


Number of cycles 


Bits 


Bit 4 





b 


7 cycles of <l> 


G 


1 


4 cycles of 


1 





2 cycles of ^ 



^ : internal clock 



Internal clock (f> 

Operation code fetch cycle 
Sampling pulse 

Priority resolution time 
/Select from to 2 with bits 
4 and 5 of the processor 
mode register 



rLrLrLn_n_rLnj-i_rL 



n 



Fig. 9 Interrupt priority resolution time 


























'7654321 
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Processor mode registerCSEie) 






■ 


r , 


, 






' Processor mode bits , 

: Microprocessor mode 

1 : Evaluation chip mode 

Mii'"t ho "1" 






(It is set to "1" after a reset) 




: Wait 

1 i No wait 




The processor is reset when this bit is set to "1". 




: Select in Figure 9 

1 .'Select 1 in Figures 

: 1 : Select 2 in Figure 9 








Must be "0" 1 



Fig. 10 Processor mode register configuration 
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TIMER 

There are six 16-bit timers. They are divided by type into 
timer A(5) and tim6r B(1 ). 

The timer I/O pins are shared with I/O pins for port P5 and 
P6. To use these pins as timer input pins, the data direction 
register bit corresponding to the pin must be cleared to "0" 
to specify Input mode. 

TIMER A 

Figure 1 1 shows a block diagram of timer A. 
Timer A has four modes; timer mode, event counter mode, 
one-shot pulse mode, and pulse width modulation mode. 
The mode is selected with bits and 1 of the timer Al 
mode register (i = to 4). Each of these modes is de- 
scribed below. 



(1) Timer mode (00) 

Figure 12 shows the bit configuration of the timer Ai mode 
register during timer mode. Bits 0, 1, and 5 of the timer Ai 
mode register must always be "0" in timer mode. 
Bit 3 Is Ignored if bit 4 Is "0". 

Bits 6 and 7 are used to select the timer counter source. 
The counting of the selected clock starts when the count 
start flag Is "1" and stops when it is "0". 
Figure 13 shows the bit configuration of the count start flag. 
The counter Is decremented, an interrupt is caused and the 
interrupt request bit in the timer Ai Interrupt control register 
is set when the contents becomes OOOOie- At the same 
time, the contents of the reload register is transferred to the 
counter and count is continued. 



f512 



f(x,.)- 1/2 



1/8 



1/2 



1/2 



L^^ 



Data bus (odd) 



Clock source selection 



Timer 
One-shot 

Pulse width modulation 

o 



Dat a bus (e ven) 

. ^_^^^ 

(Lower 8 bits) 



(Higher 8 bits) 



Reload register(16) 



Timer(gate function) 







Event counter 



LZ. 



i2: 



Counter(16) 



L- Count start flag 



External trigger 



(40i6) 

Down count 



Up-down flag 



Up/Down 
Always decremented 
except in event count mode 



(44,e) 



Pulse output 



O 

TAiouT 

(i=0~4) 



A 



Toggle flip-flop 



Addresses 
Timer AO 47i6 46i6 
Timer A1 49i6 48i6 
TimerA2 46,6 4Ai6 
TimerA3 4Di6 4Ci6 
TimerA4 4Fi6 4Ei6 



Fig. 11 Block diagram of timer A 
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When bit 2 of the timer Ai mode register is "1", the output 
is generated from TAIqut pin- The output is toggled each 
time the contents of the counter reaches to OOOOie- When 
the contents of the count start flag is "0", "L" is output from 
TAiouT pin. 

When bit 2 is "0", TAioux can be used as a normal port pin. 
When bit 4 is "0", TAiiN can be used as a normal port pin. 
When bit 4 is "1", counting is performed only while the in- 
put signal from the TAiiN pin is "H" or "L" as shown In Fi- 
gure 14. Therefore, this can be used to measure the pulse 
width of the TAIin input signal. Whether to count while the 
Input signal is "H" or while it is "L" is determined by bit 3. If 
bit 3 is "1", counting is performed while the TAIin pin input 



signal Is "H" and if bit 3 is "0", counting is performed while 

itis"L". 

Note that the duration of "H" or "L" on the TAIin pin must be 

two or more cycles of the timer count source. 

When data is written to timer Ai register with timer Ai 

halted, the same data is also written to the reload register 

and the counter. When data is written to timer Ai which is 

busy, the data is written to the reload register, but not to 

the counter. The counter is reloaded with new data from 

the reload register at the next reload time. The contents of 

the counter can be read at any time. 

When the value set in the timer Ai register is n, the timer 

frequency dividing ratio Is 1/(n+1). 



Addresses 
Timer AO mode register 56i6 

Timer AI mode register 57i6 

Timer A2 mode register 58i6 

Timer A3 mode register 59i6 

Timer A4 mode register 5Ai6 

: Always "00" in timer mode 



.' No pulse output (TAiour is normal port pin) 

1 ; Pulse output 

X i No gate function (TAIin is normal port pin) 

1 : Count only while TAi|>g input is "L" 
11: Count only while TAIin input is "H" 

: Always "0" in timer mode 

Clock source selection bit 
: Select f2 

1 : Select fi6 

1 : Select f64 

1 1 : Select f5i2 



Fig. 12 Timer Ai mode register bit configuration during timer mode 
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7 6 5 4 3 2 1 



Count start flag 

(Stop at "0". Start at "1") 



Address 

40i6 



Timer AO count start flag 
Timer A1 count start flag 
Timer A2 count start flag 
Timer A3 count start flag 
Timer A4 count start flag 
Timer BO count start flag 



Fig. 13 Count start flag bit configuration 



Selected clock source fj 
TAiiN 

Timer mode register 
Bit 4 Bit 3 








1 


,0 




Timer mod 
Bit 4 


e register 
Bit 3 


1 


V 









Fig. 14 Count wavefornn when gate function is available 
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(2) Event counter mode (01) 

Figure 15 shows the bit configuration of the timer Ai mode 
register during event counter mode, in event counter mode, 
the bit of the timer Ai mode register must be "1" and bit 1 
and 5 must be "0". 

The Input signal from the TAIin pin is counted when the 
count start flag shown in Figure 13 is "1" and counting is 
stopped when it Is "0". 

Count Is performed at the fall of the input signal when bit 3 
is "0" and at the rise of the signal when It is "1". 
In event counter mode, whether to increment or decrement 
the count can be selected with the up-down flag or the in- 
put signal from the TAJqut pin- 

When bit 4 of the timer Ai mode register is "0", the up- 
down flag is used to determine whether to Increment or de- 
crement the count (decrement when the flag is "0" and In- 
crement when it Is "1"). Figure 16 shows the bit configura- 
tion of the up-down flag. 

When bit 4 of the timer Ai mode register is "1", the input 
signal from the TAiour pin is used to determine whether to 
Increment or decrement the count. However, note that bit 2 
must be "0" if bit 4 is "1" because if bit 2 Is "1", TAIqut pin 
becomes an output pin with pulse output. 
The count is decremented when the Input signal from the 
TAIouT pin is "L" and incremented when it is "H". Deter- 
mine the level of the input signal from the TAIqut pin be- 
fore valid edge is Input to the TAIin pin. 
An interrupt request signal is generated and the interrupt 
request bit in the timer Ai interrupt control register is set 
when the counter reaches OOOOie (decrement count) or 
FFFF16 (increment count). At the same time, the contents 
of the reload register is transferred to the counter and the 
count is continued. 

When bit 2 is "1" and the counter reaches OOOO16 
(decrement count) or FFFF16 (increment count), the wave- 
form reversing polarity Is output from TAIqut pin. 
If bit 2 is "0", TAIqut pin can be used as a normal port pin. 
However, If bit 4 is "1" and the TAIqut pin is used as an 
output pin, the output from the pin changes the count direc- 
tion. Therefore, bit 4 should be "0" unless the output from 
the TAIqut pin is to be used to select the count direction. 



7 6 5 4 3 2 1 
IXIXIOI I 



rm 



Addresses 
Timer AO mode register 56i6 

Timer A1 mode register 57i6 

Timer A2 mode register 58i6 

Timer A3 mode register 59i6 

Timer A4 mode register 5Ai6 

1 : Always "01 " in event counter mode 

: No pulse output 

1 .' Pulse output 

: Count at the falling edge of input signal 

1 : Count at the rising edge of input signal 

: Increment or decrement according 

to up/down flag 

1 : Increment or decrement according 

to TAiouT pin input signal level 

: Always "0" in event counter mode 



-XXI Not used in event counter mode 



Fig. 15 Timer Ai mode register bit configuration 
during event counter mode 
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Address 

44i6 
Up-down flag 

—Timer AO up-down flag 

-Timer AI up-down flag 

-Timer A2 up-down flag 

-Timer A3 up-down flag 

-Timer A4 up-down flag 

-Timer A2 two- phase pulse signal 
processing selection bit 

: Two-phase pulse signal processing 

disabled 

1 : Two-phase pulse signal processing 

mode 

-Timer A3 two-phase pulse signal 
processing selection bit 

: Two-phase pulse signal processing 

disabled 

1 : Two-phase pulse signal processing 

mode 

-Timer A4 two-phase jDulse signal 
processing selection bit 

; Two-phase pulse signal processing 

disabled 

1 ' Two-phase pulse signal processing 

mode 



Fig. 16 Up-down flag bit configuration 
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Data write and data read are performed in the same way as 
for timer mode. That is, when data is written to timer Al 
halted, it is also written to the reload register and the coun- 
ter. When data is written to timer Ai which is busy, the data 
is written to the reload register, but not to the counter. The 
counter is reloaded with new data from the reload register 
at the next reload time. The counter can be read at any 
time. 

In event counter mode, whether to increment or decrement 
the counter can also be determined by supplying two- 
phase pulse input with phase shifted by 90° to timer A2, A3, 
or A4. There are two types of two-phase pulse processing 
operations. One uses timers A2 and A3, and the other uses 
timer A4. In either processing operation, two-phase pulse is 
input in the same way, that is, pulses out of phase by 90° 
are input at the TAJout (j=2 to 4) pin and TAj,n pin. 
When timers A2 and A3 are used, as shown in Figure 17, 
the count is incremented when a rising edge is input to the 
TAkiN pin after the level of TAkoui (l<=2, 3) pin changes 
from "L" to "H", and when the falling edge is inserted, the 
count is decremented. 

For timer A4, as shown in Figure 18, when a phase related 
pulse with a rising edge input to the TA4|n pin is input after 
the level of TA4out pin changes from "L" to "H", the count 
is incremented at the respective rising edge and falling 
edge of the TA4out pin and TA4|n pin. 
When a phase related pulse with a falling edge input to the 
TA4ouT pin is input after the level of TA4|n pin changes 
from "H" to "L", the count is decremented at the respective 
rising edge and falling edge of the TA4in pin and TA4out 
pin. When performing this two-phase pulse signal proces- 



sing, timer Aj mode register bit and bit 4 must be set to 
"1" and bits 1, 2, 3, and 5 must be "0". Bits 6 and 7 are 
ignored. Note that bits 5, 6, and 7 of the up-down flag reg- 
ister (44i6) are the two-phase pulse signal processing 
selection bit for timer A2, A3, and A4 respectively. Each 
timer operates in normal event counter mode when the cor- 
responding bit is "0" and performs two-phase pulse signal 
processing when it is "1". 

Count is started by setting the count start flag to "1". Data 
write and read are performed in the same way as for nor- 
mal event counter mode. Note that the direction register of 
the input port must be set to input mode because two- 
phase pulse signal is input. Also, there can be no pulse 
output in this mode. 



7 6 5-43210 

|x|x|o|i|o|o|oTn 



Timer A2 mode register 58i6 
Timer A3 mode register 59i6 
Timer A4 mode register SA^e 

1 .' Always "01" in event counter mode 



1 : Always "0100" when processing 

two-phase pulse signal 

XX : Not used in event counter mode 



Fig. 19 Timer Aj mode register bit configuration when 
performing two-phase pulse signai processing 
in event counter mode 
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Fig. 17 Two-phase pulse processing operation of timer A2 and timer A3 
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Fig. 18 Two-phase puise processing operation of timer A4 
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(3) One-shot pulse mode (10) 

Figure 20 shows the bit configuration of the timer Ai mode 
register during one-shot pulse mode. In one-shot pulse 
mode, bit and bit 6 must be "0" and bit 1 and bit 2 must 
be"1". 

The trigger is enabled when the count start flag is "1". The 
trigger can be generated by software or it can be input 
from the TAiiN pin. Software trigger is selected when bit 4 
is "0" and the input signal from the TAiiN pin is used as the 
trigger when it Is "1". 

Bit 3 is used to determine whether to trigger at the fall of 
the trigger signal or at the rise. The trigger Is at the fall of 
the trigger signal when bit 3 is "0" and at the rise of the 
trigger signal when it is "1". 

Software trigger is generated by setting the bit in the one- 
shot start flag corresponding to each timer. 
Figure 21 shows the bit configuration of the one-shot start 
flag. 

As shown In Figure 22, when a trigger signal is received, 
the counter counts the clock selected by bits 6 and 7. 
If the contents of the counter is not OOOOie, the TAIqut pin 
goes "H" when a trigger signal is received. The count 
direction is decrement. 

When the counter reaches 0001 16, The TAIqut P'm goes "L" 
and count is stopped. The contents of the reload register is 
transferred to the counter. At the same time, an interrupt 
request signal is generated and the interrupt request bit in 
the timer Ai interrupt control register is set. This is repe- 
ated each time a trigger signal is received. The output 
pulse width is 

1 

pulse frequency of the selected clock 

X( counter's value at the time of trigger). 
If the count start flag is "0", TAIqut Qoes "L". Therefore, the 
value corresponding to the desired pulse width must be 
written to timer Ai before setting the timer Ai count start 
flag. 

As shown in Figure 23, a trigger signal can be received be- 
fore the operation for the previous trigger signal is com- 
pleted. In this case, the contents of the reload register is 
transferred to the counter by the trigger and then that value 
Is decremented. 

Except when retrlggering while operating, the contents of 
the reload register is not transferred to the counter by trig- 
gering. 

When retrlggering, there must be at least one timer count 
source cycle before a new trigger can be issued. 
Data write is performed to the same way as for timer mode. 
When data is written in timer Ai halted, it is also written to 
the reload register and the counter. 

When data is written to timer Ai which is busy, the data is 
written to the reload register, but not to the counter. The 
counter is reloaded with new data from the reload register 
at the next reload time. 
Undefined data is read when timer Ai is read. 
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Addresses- 
Timer AO mode register 56i6 

Timer A1 mode register 57i6 

Timer A2 mode register 58i6 

Timer A3 mode register 59i6 

Timer A4 mode register 5Ai6 / 



1 : Always "10" in one-shot pulse mode 
1 : Always "1" in one-shot pulse mode 



/O X : Software trigger 

10.* Trigger at the falling edge of TAiiN 
input 

1 1 : Trigger at the rising edge of TAi,N 
input 

." Always "0" in one-shot pulse mode 



Clock source selection 
: Select f2 

1 : Select f 16 

1 : Select f64 

1 1 : Select f5i2 



Fig. 20 Timer Ai mode register bit configurdtion during 
one-shot pulse mode 
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One-Shot start flag 

Timer AO one-shot start flag 
Timer A1 one-shot start flag 
Timer A2 one-shot start flag 
Timer A3 one-shot start flag 
Timer A4 one-shot start flag 



Address 

42i6 



Fig. 21 One-shot start fiag bit configuration 
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Selected clock 
source fj 



TAiiN 

(in case of the 
rising edge) 



an^^^iir^^^^mfLnji^ 



n 



Exannple when the contents of the reload register is OOOSig 



Fig. 22 Pulse output example when external rising edge is selected 



Selected clock 
source fj 



TAiiN 

(In case of the 
rising edge) 



^^^jmiuumj^R^mjuu 



r\__n 



TAiouT 



Example when the contents of the reload register is 0004i6 



Fig. 23 Example when trigger Is re-Issued during puise output 
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(4) Pulse width modulation mode (11) 

Figure 24 shows the bit configuration of the timer Ai nnode 
register during pulse width modulation mode. In pulse 
width modulation mode, bits 0, 1, and 2 must be set to "1". 
Bit 5 is used to determine whether to perform 16-bit length 
pulse width modulator or 8-bit length pulse width modula- 
tor. 16-bit length pulse width modulator is performed when 
bit 5 is "0" and 8-blt length pulse width modulator is per- 
formed when it is "1". The 16-bit length pulse width mod- 
ulator is described first. 

The pulse width modulator can be started with a software 
trigger or with an input signal from a TAiiN pin (external 
trigger). 

The software trigger mode is selected when bit 4 is "0". 
Pulse width modulator is started and pulse is output from 
TAiouT when the timer AI start flag is set to "1 ". 
The external trigger mode is selected when bit 4 is "1". 
Pulse width modulator starts when a trigger signal is input 
from the TAIin pin when the timer Ai start flag is "1". 
Whether to trigger at the fall or rise of the trigger signal is 
determined by bit 3. The trigger is at the fall of the trigger 
signal when bit 3 is "0" and at the rise when it is "1". 
When data is written to timer AI with the pulse width mod- 
ulator halted, It is written to the reload register and the 
counter. 

Then when the time Ai start flag is set to "1" and a software 
trigger or an external trigger is issued to start modulation, 
the wgveform shown in Figure 25 is output continuously. 
Once modulation is started, triggers are not accepted. If 
the value in the reload register is m, the duration "H" of 
pulse is 

selected clock frequency 
and the output pulse period is 
1 

selected clock frequency ' 
An interrupt request signal is generated and the Interrupt 
request bit in the timer Ai interrupt control register is set at 
each fall of the output pulse. 

The width of the output pulse is changed by updating timer 
data. The update can be performed at any time. The output 
pulse width is changed at the rise of the pulse after data is 
written to the timer. 

The contents of the reload register are transferred to the 
counter just before the rise of the next pulse so that the 
pulse width is changed from the next output pulse. 
Undefined data is read when timer Ai is read. 
The 8-bit length pulse width modulator is described next. 
The 8-bit length pulse width modulator is selected when 
the timer Ai mode register bit 5 is "1". 
The reload register and the counter are both divided into 8- 
blt halves. 
The low order 8 bits function as a prescaler and the high 



X(2^^-1). 



order 8 bits function as the 8-bit length pulse width modula- 
tor. The prescaler counts the clock selected by bits 6 and 
7. A pulse is generated when the counter reaches OOOOie 
as shown In Figure 26. At the same time, the contents of 
the reload register is transferred to the counter and count is 
continued. 
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Addresses 
Timer AO mode register 56i6 

Timer A1 mode register 57i6 

Timer A2 mode register 58i6 

Timer A3 mode register 59i6 

Timer A4 mode register 5Ai6 , 



• 1 1 ; Always "11" in pulse width modulation 
mode 

1 ; Always "1" in pulse width modulation 
mode 

- X : Software trigger 

1 ."Trigger at the falling of TAi,N input 

1 1 : Trigger at the rising of TAIin input 

M6 bit pulse width modulator 

1 : 8 bit pulse width modulator 

-Clock source selection bit 
': Select f2 

1 : Select fi6 

1 : Select f64 
11 : Select fsi 2 



Fig. 24 Timer Ai mode register bit configuration during 
pulse width moduiation mode 
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Therefore, If the low order 8-bit of the reload register is n, 
the period of the generated pulse is 
1 



selected clock frequency 



X(n+1). 



the length is 8 bits. If the high order 8-bit of the reload reg- 
ister is m, the duration "H" of pulse is 
1 



selected clock frequency 



The high order 8-bit function as an 8-bit length pulse width And the output pulse period is 

modulator using this pulse as input. The operation is the 1 

same as for 16-bit length pulse width modulator except that selected clock frequency 



X(n+l)Xm. 



X(n+l)X(2«-l). 



1/fiX(2^^-1) 



Selected clock 
source fi 



TAiiN 

(in case of the 
rising edge) 



ruuURnnn.ri r'Lf^u^Juin 



This trigger is not accepted 



1/fiX(m) 



Exannple when the contents of the reload register is OOOSk 



Fig. 25 16-bit length pulse width modulator output pulse example 
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source fj U U U 
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(in case of the falling edge) \J 
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1 
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1 


(when n =2) 

8-bit length pulse 
width modulator 


- 


1 
1 
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output 
(when m =2) 













Fig. 26 8-bit length pulse width modulator output pulse example 
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TIMER B 

Figure 27 shows a block diagram of timer B. 

Timer B has three modes; timer mode, event counter mode, 

and pulse period measurement/pulse width measurement 

mode. The mode is selected with bits and 1 of the timer 

BO mode register. Each of these modes is described 

below. 

(1) Timer mode (00) 

Figure 28 shows the bit configuration of the timer BO mode 
register during timer mode. Bits 0, and 1 of the timer BO 
mode register must always be "0" in timer mode. 
Bits 6 and 7 are used to select the clock source. The 
counting of the selected clock starts when the count start 
flag "1" and stops when "0". 



As shown in Figure 13, the timer BO count start flag is at the 
same address as the timer Al count start flag. The count is 
decremented, an interrupt occurs, and the interrupt request 
bit in the timer BO interrupt control register is set when the 
contents becomes OOOOie- At the same time, the contents of 
the reload register is stored in the counter and count is 
continued. 

Timer BO does not have a pulse output function or a gate 
function like timer A. 

When data is written to timer BO halted, it is written to the 
reload register and the counter. When data is written to 
timer BO which is busy, the data is written to the reload 
register, but not to the counter. The counter is reloaded 
with new data from the reload register at the next reload 
time. The contents of the counter can be read at any time. 



Data bus(odd) 



Data bus (even) 



Clock source selection 



V 



• Timer 

• Pulse period measurement/pulse 
width measurement 

— ^ __ o ■ ' 



<^ 



(Lowers bits) 



^«L. 



(Higher 8 bits) 



Polarity selection 
TBb Q— anci edge pulse 
generator ' 



'^o 



Reload register(16) 
-_- 



Event counter 

O 



12. 



"^ 



IZ 



Counter(16) 



L- Count start flag 



(40i6) 



Counter reset 
circuit 



Addresses 
Timer BO 51 le 50i6 



Fig. 27 Timer B block diagram 
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(2) Event counter mode (01) 

Figure 29 shows the bit configuration of the timer BO mode 

register during event counter mode. In event counter mode, 

the bit in the timer BO mode register must be "1" and bit 

1 must be "0". 

The input signal from the TBOin pin Is counted when the 

count start flag is "1" and counting is stopped when it is "0". 

Count is performed at the fall of the input signal when bits 

2, and 3 are "0" and at the rise of the input signal when bit 

3 Is "0" and bit 2 is "1". 

When bit 3 is "1" and bit 2 Is "0", count Is performed at the 

rise and fall of the Input signal. 

Data write, data read and timer interrupt are performed in 

the same way as for timer mode. 

(3) Pulse period measurement/pulse width 
measurement f mode (10) 

Figure 30 shows the bit configuration of the timer BO mode 
register during pulse period measurement/pulse width 
measurement mode. 

In pulse period measurement/pulse width measurement 
mode, bit must be "0" and bit 1 must be "1". Bits 6 and 7 
are used to select the clock source. The selected clock is 
counted when the count start flag is "1" and counting stops 
when it is "0". 

The pulse period measurement mode is selected when bit 
3 is "0". In pulse period measurement mode, the selected 
clock is counted during the interval starting at the fall of the 
input signal from the TBOin pin to the next fall or at the rise 
of the input signal to the next rise and the result Is stored in 
the reload register. In this case, the reload register acts as 
a buffer register. 

When bit 2 is "0", the clock is counted from the fall of the 
input signal to the next fall. When bit 2 is "1", the clock Is 
counted from the rise of the input sign^ to the next rise. 
In the case of counting from the fall of the input signal to 
the next fall, counting is performed as follows. As shown in 
Figure 31, when the fall of the input signal from TBOin pin is 
detected, the contents of the counter is transferred to the 
reload register. Next the counter is cleared and count is 
started from the next clock. When the fall of the next input 
signal is detected, the contents of the counter is transferred 
to the reload register once more, the counter is cleared, 
and the count is started. The period from the fall of the in- 
put signal to the next fall is measured in this way. 



7 6 5 4 3 2 1 



Addresses 



1X1X|X|0 I 0| Timer BO mode register 5Bi6 
: Always "00" in timer mode 



- XX : Not used in timer mode and 

may be any 

- Timer BO overflow flag 
-Clock source selection bit 

: Select fa 

1 : Select fi6 

1 : Select f64 

1 1 : Select fgia 



Fig. 28 Timer BO mode register bit configuration dur- 
ing timer mode 
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I 1 I Timer BO mode register 5Bi6 



- 1 : Always "01" in event counter 

mode 

- : Count at the falling edge of 

input signal 

1 : Count at the rising edge of 

input signal 

1 : Count at the both falling edge 

and rising edge of input signal 

- Timer BO overflow flag 

- XX : Not used in event counter mode 



Fig. 29 Timer BO mode register bit configuration dur- 
ing event counter mode 
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M 



m 



Addresses 
Timer BO mode register 5Bi6 

10: Always "10" in pulse period 

measurement/pulse width 

measurement mode 
: Count from the falling edge of 

input signal to the next falling one 
: Count from the rising edge of 

input signal to the next rising one 
.' Count from the falling edge of 

input signal to the next rising one 

and from the rising edge to the 

next falling one 

- Timer 80 overflow flag 

- Clock source selection bit 

: Select fa 

J : Select fig 

1 : Select f64 * 
1 1 : Select fsip 



- 

1 

1 



Fig. 30 Timer BO mode register bit configuration dur- 
ing puise period measurement/pulse width 
measurement mode 
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After the contents of the counter is transferred to the reload 
register, an interrupt request signal is generated and the 
interrupt request bit in the timer BO interrupt control regis- 
ter is set. However, no interrupt request signal is generated 
when the contents of the counter is transferred first time to 
the reload register after the count start flag is set to "1". 
When bit 3 is "1", the pulse width measurement mode is 
selected. Pulse width measurement mode is similar to 
pulse period measurement mode except that the clock is 
counted from the fail of the TBOin pin input signal to the 
next rise or from the rise of the input signal to the next fall 



as shown in Figure 32. 

When timer BO is read, the contents of the reload register 
is read. 

Note that in this mode, the interval between the fall of the 
TBOiN pin input signal to the next rise or from the rise to the 
next fall must be at least two cycles of the tinier count 
source. 

Timer BO overflow flag which is bit 5 of timer BO mode reg- 
ister is set to "1" when the timer BO counter reaches 
OOOO16. This flag is cleared by writing to corresponding tim- 
er BO mode register. This bit is set to "1" at reset. 



Selected clock PI H fl fl H D H D fl F 
source fi UUULJLJLJUULJL 
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Fig. 31 Pulse period measurement mode operation (example of measuring the Interval between the falling edge to 
next falling one) t, 
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Fig. 32 Pulse width measurement mode operation 
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Pulse output port mode 

Figure 33 shows a block diagram for pulse output port 
mode. In the pulse output port mode, two pairs of four-bit 
pulse output ports are used. Whether using pulse output 
port or not can be selected by waveform output selection 
bit (bit 0, bit 1) of waveform output mode register (62i6 
address) shown in Figure 34. When bit of waveform out- 
put selection bit is set to "1", ports P6o, P5q, PSg and P54 
are used as pulse output ports (RTP1 selected), and when 
bit 1 of waveform output selection bit is set to "1", ports 
PSa, P52, P5i, and P5o are used as pulse output ports 
(RTPO selected). When bits 1 and of waveform output 
selection bit are set to "1", ports P6o, PSe, PSs, and P54, and 
ports PSa, P52, P5i and P5o are used as pulse output ports 
(RTP1 and RTPO selected). 

The ports not used as pulse output ports can be used as 
normal parallel ports or timer input/output. 
In the pulse output port mode, set timers A2 and AO to tim- 
er mode as timers A2 and AO are used. Figure 35 shows 
the bit configuration of timer AO, A2 mode registers in pulse 
output port mode. 
Data can be set in each bit of the pulse output data regis- 



ter corresponding to four ports selected as pulse output 
ports. Figure 36 shows the bit configuration of the pulse 
output data register. The contents of the pulse output data 
register 1 (low-order four bits of 64i6 address) correspond- 
ing to ports P6o, PSe, PSs and P54 is output to the ports 
each time the counter of timer A2 becomes OOOOie- The 
contents of the pulse output data register (low-order four 
bits of 65i6 address) corresponding to ports PSa, P52, P5i, 
and P5o is output to the ports each time the counter of tim- 
er AO becomes OOOOie- 

When "0" is written to a specified bit of the pulse output 
data register, "L" level is output to the corresponding pulse 
output port when the counter of corresponding timer be- 
comes OOOO16, and when "1" is written, "H" level is output to 
the pulse output port. 

Pulse width modulation can be applied to each pulse out- 
put port. Since pulse width modulation involves the use of 
timers A3 and A1, activate these timers in pulse width mod- 
ulation mode. When a certain bit of the pulse output regis- 
ter is "1", pulse width modulation is output from the pulse 
output port when the counter of the corresponding timer 
becomes OOOO16. 



Pulse width modulation selection bit 
(Bit 4, 5 of 62i6 address) 



Pulse width modulation output 



Jiation output is. 
by timer A3 — L^^^ 



Pulse width modulation output yy^^ 



t> 



by timer A1 



a- 



Timer A2 



Pulse output data 
register 1 (64i6 address) 



^v 



Do 



Dii 



■\ Dio 



Db 



Pulse output data 
register (65i6 address) 



Timer AO 



Waveform output control bit 
(Bit 7 of 62i6 address) 



INToO— 
Reset —3 J^ 



-D Q 
R 



=3> 



:=^D- 



=o- 



:3> 



:0- 



:^> 



:0- 






■:^r>-i> 



-O P6o(RTPl3) 

-O PSe (RTPI2) 

-O P55(RTP1i) 

-O P54(RTP1o) 



-O P53(RTP03) 

-O P52(RTP02) 

-Q P5i (RTPO1) 

"O P5o (RTPOo) 



Polarity selection bit 
(Bit 3 of 62i 6 address) 



Fig. 33 Block diagram for pulse output port mode 
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Ports P6o, PSe, PSs and P54 are applied pulse width mod- 
ulation by timer A3 by setting the pulse width modulation 
selection bit by timer A3 (bit 5) of the waveform output 
mode register to "1". 

Ports PSs, P52, P5i and P5o are applied pulse width mod- 
ulation by timer A1 by setting the pulse width modulation 
selection bit by timer A1 (bit 4) of the waveform output 
mode register to "1". 

The contents of the pulse output data register can be re- 
versed and output to pulse output ports PSs, P52, P5i and 
P5o by the polarity selection bit (bit 3) of the waveform out- 
put mode register. When the polarity selection bit is "0", 
the contents of the pulse output data register is output 
Unchangeably, and when "1", the contents of the pulse out- 
put data register is reversed and output. When pulse 
width modulation is applied, likewise the polarity reverse to 
pulse width modulation can be selected by the polarity 
selection bit. 

Figure 37 shows example of waveforms in pulse output port 
mode. 

Ports selecting the pulse output port mode can control out- 
put by the waveform output control bit (bit 7) of the wave- 
form output mode register (62i6 address). 
When the waveform output control bit is set to "1", a wave- 
form is output from the port. When this bit is set to "0", 
waveform output from the port is stopped and the port is 
placed in floating state. 

This bit can be set to "0" by instructions, by inputting a fall- 
ing edge to the INTq pin, or reset. 



7 6 5 

X 


4 3 2 10 




L_J , 







Address 



Weveform output mode register 62i6 



Waveform output selection bit 
: Parallel port 

1 : RTP1 selected 

1 : RTPO selected 
1 1 : RTP1 and RTPO selected 

Polarity selection bit 

: Positive polarity 

1 : Negative polarity 
Pulse width modulation selection bit 
by timer A1 

! Not modulated 

1 '.Modulated 

Pulse width modulation selection bit 
by timer A3 

: Not modulated 

1 : Modulated 
Waveform output control bit 

: Waveform output inhibited 

1 : Waveform output enabled 
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Address 
Timer AO mode register 56i6 
Timer A2 mode register 58 

-Always "100" in pulse output 
port mode 

■ Not used in pulse output port mode 

- Always "GO" in pulse output port mode 

- Clock source selection bit 

: Select iz 

1 : Select fie 

1 : Select f64 

1 1 : Select h^z 



Fig. 35 Timer AO, A2 mode register bit configuratiori in 
pulse output port mode 
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L 



Address 
Pulse output data register 1 64i6 

Pulse output data bit of port P54 
Pulse output data bit of port PSs 
Pulse output data bit of port PSe 
Pulse output data bit of port P6o 

Address 
Pulse output data register 65i6 

Pulse output data bit of port P5o 

Pulse output data bit of port P5i 

Pulse output data bit of port PSa 

Pulse output data bit of port PSa 



Fig. 36 Pulse output data register bit configuration 



Fig. 34 



Waveform output mode register bit configura- 
tion 
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Output signal at each time 

when timer A2 becomes OOOOie- n 



Example of pulse output port (port P6o, PSe, PSs, P54) 

n n n n n n 



Port P60 



Port P56 



Port P55 



Port P54 



_J 



1_ 



Output signal at each time 

when timer A2 becomes OOOOie f] 



Example of pulse output port (port P60, PSg, PSg, P54) when pulse width modulation is applied by timer A3. 

n fl__Jl_ fl__Il II II 



Port P60 



Port PSe 



Port P55 



Port P54 



juwmiuM 



JlMJUUUUl 



JUUUlMRiUl 



MMJUUUUL 



Example of pulse output port (port P53~P5o) when pulse width modulation is applied 
by timer A1 with polarity selection bit="1". 



Output signal at each time 
when timer AO becomes 0000^ 



ji n n_ n__Ji_jL 



Port P53 



Port P52 



Port P5i 



Port P5o 



¥^^mMM 



"IflMJMIW 



UMimuimr 



MJIMIJI^^ 



Fig. 37 Example of waveforms in pulse output port mode 
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SERIAL I/O PORTS 

One serial I/O port is provided. Figure 38 shows a block 
diagram of the serial I/O port. 

Bits 0, 1, and 2 of the UARTO Transmit/Receive mode reg- 
ister shown in Figure 39 are used to determine whether to 
use port P8 as parallel port, clock synchronous serial I/O 
port, or asynchronous (DART) serial I/O port using start 



and stop bits. 

Figures 40 and 41 show the connections of receiver/trans- 
mitter according to the mode. 

Figure 42 shows the bit configuration pf the UARTO trans- 
mit/receive control register. 
Each communication method is described below. 
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Fig. 38 Serial I/O port block diagram 
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Addresses 
UART Transmit/Receive mode register 30i6 

-Serial communication method selection bit 
000: Parallel port 

1'. Clock synchronous 
100: 7-bit UART 

1 1 : 8-bit UART 
110: 9-bit UART 

- Internal clock/External clock selection bit 

: Internal clock 

1 : External clock 
Stop bit length selection bit 

: 1 stop bit 

1 .2 stop bits 
"Even/Odd parity selection bit 

: Odd parity 

1 : Even parity 
"Parity enable selection bit 

: No parity 

1 : With parity 
"Sleep selection bit , 

: No sleep 

1 : Sleep 



Fig. 39 UART Transmit/Receive mode register bit configuration 
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Fig. 40 Receiver block diagram 
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Fig. 41 Transmitter block diagram 
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Clock source selection bit 

: Select fa 
01: Select fi6 

1 : Select f64 

1 1 : Select fgis 

Cts, RTS Selection bit 

: Select CTS 

1 : Select RTS 
Transmission register empty bit 
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Addresses 
UART Transmit/Receive control register 1 35i6 

— Transmit enable flag 

— Transmit buffer empty flag 

— Receive enable flag 

— Receive completion flag 

— Overrun error flag 

— Framing error flag 

— Parity error flag 

— Error sum flag 



Fig. 42 UART Transmit/Receive control register bit configuration 
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CLOCK SYNCHRONOUS SERIAL 
COMMUNICATION 

A case where communication is performed between two 
clock synchronous serial I/O ports as shown in Figure 43 
will be described. (The transmission side will be denoted 
by subscript j and the receiving side will be denoted by 
subscript k.) 

Bit of the UARTj transmit/receive mode register and 
UARTk transmit/receive mode register must be set to "1" 
and bits 1 and 2 must be "0". The length of the transmission 
data is fixed at 8 bits. 

Bit 3 of the UARTj transmit/receive mode register of the 
clock sending side is cleared to "0" to select the internal 
clock. Bit 3 of the UARTk transmit/receive mode register of 
the clock receiving side is set to "1" to select the e)(ternal 
clock. Bits 4, 5 and 6 are ignored in clock synchronous 
mode. Bit 7 must always be "0". 

The clock source is selected by bit (CSo) and bit 1 
(CSi) of the clock sending side UARTj transmit/ receive 
control register 0. As shown in Figure 38, the selected 
clock is divided by (n +1), then by 2, passed through a 
transmisson control circuit, and output as transmisson clock 
CLKj. Therefore, when the selected clock is fi, 

Bit Rate=fi/| (n+1)X2j 

On the clock receiving side, the CSo and CSi bits of the 
UARTk transmit/receive control register are ignored be- 
cause an external clock is selected. 

The bit 2 of the clock sending side UARTj transmit/ receive 
control register is clear to "0" to select CTSj input. The bit 
2 of the clock receiving side is set to "1" to select RTSk 
output. CTS, and RTS signals are described later. 

Transmission 

Transmission is started when the bit (TEj flag) of UARTj 
transmit/receive control register 1 Is "1", bit 1 is (TIj flag) 
of one is "0", and CTSj input is "L". As shown in Figure 44, 
data is output from TxDj pin when transmission clock CLKj 
changes from "H" to "L". The data is output from the least 
significant bit. 

The TIj flag indicates whether the transmission buffer regis- 
ter is empty or not. It is cleared to "0" when data is written 
in the transmission buffer register and set to "1" when the 
contents of the transmission buffer register is transferred to 
the transmission register. , 

When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati- 
cally from the transmission buffer register to the transmis- 
sion register if the next transmission start condition is satis- 
fied. If the bit 2 of UARTj transmit/receive control register 
is "1", CTSj input is ignored and transmission start is con- 
trolled only by the TEj flag and TIj flag. Once transmission 
has started, the TEj flag, TIj flag, and CTSj signals are 
ignored until data transmission completes. Therefore, trans- 



mission is not interrupt when CTSj input is changed to "H" 
during transmission. 

The transmission start condition indicated by TEj flag, TIj 
flag, and CTSj is checked while the Tendj signal shown in 
Figure 44 is "H". Therefore, data can be transmitted con- 
tinuously if the next transmission data is written in the trans- 
mission buffer register and TIj flag is cleared to "0" before 
the Tendj signal goes "H". 

The bit 3 (TxEPTYj flag) of UARTj transmit/receive control 
register changes to "1" at the next cycle after the Tendj 
signal goes "H" and changes to "0" when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmission has completed. 
When the TIj flag changes from "0" to "1", the interrupt re- 
quest bit in the UARTj transmission interrupt control regis- 
ter is set to "1". 

Receive 

Receive starts when the bit 2 (REk flag) of UARTk trans- 
mit/receive control register 1 is set to "1". 
The RTSk output is "H" when the REk flag is "0" and goes 
"L" when the REk flag changed to "1". It goes back to "H" 
when receive starts. Therefore, the RTSk output can be 
used to determine whether the receive register is ready to 
receive. It is ready when RTSk output is "L". 
The data from the RxDk pin Is retrieved and the contents of 
the receive register is shifted by 1 bit each time the trans- 
mission clock CLKj changes from "L" to"H". When an 8-bit 
data is received, the contents of the receive register is 
transferred to the receive buffer register and the bit 3 (RIk 
flag) of UARTk transmit/receive control register 1 is set to 
"1". In other words, the setting of the RIk flag Indicates that 
the receive buffer register contains the received data. At 
this point, RTSj output goes "L" to indicate that the next 
data can be received. When the RIk flag changes from "0" 
to "1", the interrupt request bit in the UARTk receive inter- 
rupt contror register is set to "1". Bit 4 (OERk flag) of 
UARTk transmit/ receive control register is set to "1" when 
the next data is transferred from the receive register to the 
receive buffer register while RIk flag is "1", and indicates 
that the next data was transferred to the receive register 
before the contents of the receive buffer register was read. 
RIk and OERk flags are cleared automatically to "0" when 
the low-order byte of the receive buffer register is read. 
The OERk flag is also cleared when the REk flag is 
cleared. Bit 5 (FERk flag), bit 6 (PERk flag), and bit 7 
(SUMk flag) are ignored in clock synchronous mode. 
As shown In Figure 38, with clock synchronous serial com- 
munication, data cannot be received unless the transmitter 
is operating because the receive clock is created from the 
transmission clock. Therefore, the transmitter must be oper- 
ating even when there Is no data to be sent from UARTk to 
UARTj. 
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Fig. 43 Clock synchronous serial communication 
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Fig. 44 Cloclc synchronous serial I/O timing 
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ASYNCHRONOUS 
SERIAL COMMUNICATION 

Asynchronous serial communication can be performed us- 
ing 7-, 8-, or 9-bit Jengtli data. Tiie operation is tiie same 
for all data lengths. The following is the description for 8-bit 
asynchronous communication. 

With 8-bit asynchronous communication, the bit of UARTO 
transmit/receive mode register is "1", the bit 1 is "0", and 
the bit 2 is "f. 

Bit 3 is used to select an internal clock or an external 
clock. If bit 3 is "0", an Internal clock Is selected and if bit 3 
Is "1", then external clock is selected. If an internal clock is 
selected, the/bit (CSo) and bit 1 (CSi) of UARTO trans- 
mit/receive control register are used to select the clock 
source. When an internal clock is selected for asynchro- 
nous serial communication, the CLKq pin can be used as a 
normal I/O pin. 



The selected internal or external clock is divided by (n + 1), 
then by 16, and passed through a control circuit to create 
the UART transmission clock or UART receive clock. 
Therefore, the transmission speed can be changed by 
changing the contents n of the bit rate generator. If the 
selected clock is an internal clock fi or an external clock 
fexT. 

Bit Rate =(fi or i^xj)/ 1 (n+1 )X16 t 

Bit 4 is the stop bit length selection bit to select 1 stop bit 

or 2 stop bits. 

The bit 5 is a selection bit of odd parity or even parity. 

In the odd parity mode, the parity bit is adjusted so that the 

sum of the 1's in the data and parity bit is always odd. 

In the even parity mode, the parity bit is adjusted so that 

the sum of the 1's in the data and parity bit is always even. 
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Fig. 45 Transmit timing example when 8-bit asynchronous communication with parity and 1 stop bit is selected 
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Fig. 46 Transmit timing ejcampie when 9-bit asynchronous communication with no parity and 2 stop bits Is selected 
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Bit 6 is the parity bit selection 'bit which indicates whether 
to add parity bit or not. 

Bits 4 to 6 should be set or reset according to the data for- 
mat of the communicating devices. 

Bit 7 is the sleep selection bit. The sleep mode is de- 
scribed later. 

The UARTO transmit/receive control regisger bit 2 is 
used to determine whether to use CTSq input or RTSo out- 
put. CTSo input used if bit 2 is "0" and RTSo output is used 
if bit 2 is"1". 

If CTSo input is selected, the user can control whether to 
stop or start transmission by external CTSo input. RTSq will 
be described later. 

Transmission 

Transmission is started when the bit (TE flag) of UARTO 
transmit/receive control register 1 is "1", the bit 1 (Tl flag) 
is "0", and CTSq Input is "L" if CTSo input is selected. As 
shown in Figure 45 and 46, data is output from the TxDq pin 
with the stop bit and parity bit specified by the bits 4 to 6 of 
UARTO transmit/receive mode register bits. The data is 
output from the least significant bit. 

The Tl flag Indicates whether the transmission butter is 
empty or not. It is cleared to "0" when data is written in the 
transmission buffer and set to "1" when the contents of the 
transmission buffer register is transferred to the transmis- 
sion register. 



When the transmission register becomes empty after the 
contents has been transmitted, data Is transferred automati- 
cally form the transmission buffer register to the transmis- 
sion register if the next transmission start condition Is satis- 
fied. 

Once transmission has started, the TE flag, Tl flag, and 
CTSo signal (if CTSo Input is selected) are ignored until 
data transmission is completed. 

Therefore, transmission does not stop until it completes 
even If the TE flag Is cleared during transmission. 
The transmission start condition indicated by TE flag, Tl 
flag, and CTSo is checked while the Tend signal shown In 
Figure 45 is "H". Therefore, data can be transmitted con- 
tinuously if the next transmission data is written in the trans- 
mission butter register and Tl flag Is cleared to before the 
Tend signal goes "H". 

The bit 3 (TxEPTY flag) of UARTO transmit/receive control 
register changes to "1" at the next cycle after the Tend 
signal goes "H" and changes to "0" when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmision is completed. 
When the Tl flag changes from "0" to "1", the interrupt re- 
quest bit in the UARTO transmissoin Interrupt control regis- 
ter is set to "1". 

Receive 

Receive Is enabled when the bit 2 (RE flag) of UARTO 
transmit/receive control register 1 Is set. As shown In Fi- 
gure 47, the frequency divider circuit at the receiving end 
begin to work when a start bit is arrived and the data is re- 
ceived. 
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Fig. 47 Receive timing example when 8-bit asynchronous communication with no parity and 1 stop bit Is selected 
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If RTSo output is selected by setting the bit 2 of UARTO 
transmit/receive control register to "1", the RTSo output is 
"H" when the RE flag is "0". When the RE flag changes to 
"1", the RTSo output goes "L" to Indicate receive ready and 
returns to "H" once receive has started. In other words, 
RTSo output can be used to determine externally whether 
the receive register is ready to receive. 
The entire transmission data bits are received when the 
start bit passes the final bit of the receive block shown in 
Figure 40. At this point, the contents of the receive register 
is transferred to the receive buffer register and the bit 3 of 
UARTO transmit/receive control register 1 is set. In other 
words, the Rl flag indicates that the receive buffer register 
contains data when it is set. If RTSo output is selected, 
RTSo output goes "L" to indicate that the register Is ready 
to receive the next data. 

The interrupt request bit in the UARTO receive interrupt 
control register Is set when the Rl flag changes from "0" to 

"1". ■ ■ ■ , . \ . ': , ' , 

The bit 4 (OER flag) of UARTO transmission control register 
1 is set when the next data is transferred from the receive 
register to the receive buffer register while the Rl flag is 
"1". In other words when an overrun error occurs. If the 
OER flag is "1", it indicates that the next data has been 
transferred to the receive buffer register before the con- 
tents of the receive butter register has been read. 
Bit 5 (FER flag) is set when the number of stop bits is less 
than required (framing error). 
Bit 6 (PER flag) is set when a parity error occurs. 
Bit 7 (SUM flag) is set when either the OER flag, FER flag, 
or the PER flag is set. Therefore, the SUM flag can be used 
to determine whether there is an error. 
The setting of the Rl flag, OER flag, FER flag, and the PER 
flag is performed while transferring the contents of the re- 
ceive register to the receive buffer register. The OER, FER, 
PER, and SUM flags are cleared when the low order byte 
of the receive buffer register is read or when the RE flag is 
cleared. 



Normal receive operation takes place when bit 7 of the re- 
ceived data is "1". 

The following is an example of how the sleep mode can be 
used. 

The main microcomputer first sends data with bit 7 set to 
"1" and bits to 6 set to the address of the subordinate 
microcomputer which wants to communicate with. Then all 
subordinate microcomputers receive the same data. Each 
subordinate microcomputer checks the received data, 
clears the sleep bit if bits to 6 are its own address and 
sets the sleep bit if not. Next the main microcomputer 
sends data with bit 7 cleared. Then the microcomputer with 
the sleep bit cleared will receive the data, but the micro- 
computer with the sleep bit set will not. In this way, the 
main microcomputer is able to communicate with only the 
designated microcomputer. 



Sleep mode 

The sleep mode is used to communicate only between cer- 
tain microcomputers when multiple microcomputers are 
connected through serial I/O. 

The sleep mode is entered when the bit 7 of UARTO trans- 
mit/receive mode register is set. 

The operation of the sleep mode for an 8-bit asynchronous 
communication is described below. 

When sleep mode is selected, the contents of the receive 
register is not transferred to the receive buffer register if 
bit 7 (bit 6 if 7-bit asynchronous communication and bit 8 if 
9-bit asychronous communication) of the received data is 
"0". Also the Rl, OER, FER, PER, and the SUM flag are un- 
changed. Therefore, the interrupt request bit of the 
UARTO receive interrupt control register is also unchanged. 
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WATCHDOG TIMER 

The watchdog timer is used to detect unexpected execu- 
tion sequence caused by software run-away. 
Figure 48 shows a block diagram of the watchdog timer. 
The watchdog timer consists of a 12-bit binary counter. 
The watchdog timer counts the clock frequency divided by 
32 (f32) or by 512 (f5i2). Whether to count f32 or f5i2 is de- 
termined by the watchdog timer frequency selection flag 
shown in Figure 49. f5i2 is selected when the flag is "0" and 
f32 is selected when it is "1". The flag is cleared after reset. 
FFFi6 is set in the watchdog timer when "L" or 2Vcc is ap- 
plied to the RESET pin, STP instruction is executed, data is 
written to the watchdog timer, or the most significant bit of 
the watchdog timer become "0". 

After FFF16 is set in the watchdog timer, the contents of 
watchdog timer is decremented by one at every cycle of 
selected frequency f32 or f5i2, and after 2048 counts, the 
most significant bit of watchdog timer become "0", and a 
watchdog timer interrupt request bit is set, and FFF16 is 
preset in the watchdog timer. 

Normally, a program is written so that data is written in the 
watchdog timer before the most significant bit of the watch- 
dog timer become "0". If this routine is not executed due to 
unexpected program execution, the most significant bit of 
the watchdog timer become eventually "0" and an interrupt 
is generated. 

The processor can be reset by setting the bit 3 (software 
reset bit) of processor mode register described in Figure 
10 in the interrupt section and generating a reset pulse. 
The watchdog timer stops its function when the RESET pin 
voltage is raised to double the Vcc voltage. 
The watchdog timer can also be used to recover from when 
the clock is stopped by the STP instruction. Refer to the 
section on clock generation circuit for more details. 
The watchdog timer hold the contents during a hold state 
and the frequency is stopped to input. 
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Fig. 48 Watchdog timer block diagram 
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Fig. 49 Watchdog timer frequency selection flag 
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RESET CIRCUIT ___ 

Reset occurs when the RESET pin is returned to "H" level 
after holding it at "L" level when the power voltage is at 5V 
±10%. Program execution starts at the address formed by 
setting the address pins A23'^Ai6 to OO16, A^s^Aq to the 
contents of address FFFF16, and A7~A() to the contents of 
address FFFEie- ( 

Figure 50 shows the status of the internal registers when a 
reset occurs. 

Figure 51 shows an example of a reset circuit. The reset in- 
put voltage must be held 0.9V or lower when the power vol- 
tage reaches 4.5V. 
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/ 


'4.5V 
0.9V 


RESET Vcc 




^1 ' 


V — — H 




777 







Fig. 51 Example of a reset circuit (perform careful 
evaluation at the system design level before using) 



O0ie 



00,e 



OO16 



Address 

(1) Port P4 data directional register (OCie)"' 

(2) Port P5 data directional register (ODie)--- 

(3) Port P6 data directional register {^0■^6)••• 

(4) Port P8 data directional register (Mie)--- 

(5) UART Transmit/Receive mode register ( 30i6 ) • • • 

(6) UART Transmit/Receive control register (34i6)--- XXXX ''000 

(7) UART Transmit/Receive control register 1 (35i6) ••• 



(8) Count start flag 

(9) One-sJiot start flag 

(10) Up-down flag 

(11) Timer AO mode register 

(12) Timer A1 mode register 

(13) Timer A2 mode register 

(14) Timer A3 mode register 

(15) Timer A4 mode i-egister 

(16) Timer BO mode register 

(17) Processor mode register 

(18) Watchdog timer 

(19) Watchdog timer frequency selection flag ( 61 le) • 

(20) Waveform output mode register (62i6)- 

(21) UART transmission interrupt control register (71i6)- 

(22) UART receive interrupt control register (72i6) • 



(40i6)- 
(42i6)- 
(44i6)- 
(56i6)- 
(57i6)- 
(58i6)- 
(59i6)- 
(SAie)- 
(SBie)- 
■(5Ei6)- 
(6O16)" 



m 



0016 



001C 



(27) 



1 







KM 







OOh 



0016 



0016 



0016 



0016 



(31) 



(37) 



Timer AO interrupt control register 
Timer A1 Interrupt control register 
Timer A2 interrupt control register 
Timer A3 interrupt control register 
Timer A4 interrupt control register 
Timer BO interrupt control register 
INTq interrupt control register 
INT 1 interrupt control register 
INT 2 interrupt control register 
Processor status register PS 
Program bank register PG 
Program counter PCh 
Program counter PCl 
Direct page register DPR 
Data bank register DT 



(75,e)-XXX>J<' 


(76,e)- XXEE ° 


('^«)- XfXIXD< 



(78i6)- 
(79i6)- 
(7Ai6)" 
(7Di6)- 
(7Ei6)- 
(7Fi6)- 



XXXb< 














XX 














w 



























XX 














'0 















? 


^ 











1 


? 


? 




0O16 




Content of FFFFig 



Content of FFFEk 



OO16 



1^0000 



X 1 |o 



FFF,, 



mmm)i° 


0^00 0^0 


XXXXoooo 



mm-Q 



000 



Contents of other registers and RAM are not initialized and should be in- 
itialized by software. 



Fig. 50 Microcomputer internal status during reset 
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INPUT/OUTPUT PINS 

Ports P4, P5, P6, P8 all have a data direction register and 
each bit can be programmed for input or output. A pin be- 
comes an output pin when the corresponding data direction 
register is set and an input pin when it is cleared. 
When pin programmed for output, the data is written to the 
port latch and it is output to the output pin. When a pin is 
programmed for output, the contents of the port latch is 
read instead of the value of the pin. Therefore, a previously 
output value can be read correctly even when the output 
"L" voltage is raised due to reasons such as directly driving 
an LED. 



A pin programmed for input is floating and the value input 
to the pin can be read. When a pin is programmed for in- 
put, the data is written only in the port latch and the pin 
stays floating. 

If an input/output pin is not used as an output port, clear 
the bit of the corresponding data direction register so thpt 
the pin become input mode. 

Figure 52 shows a block diagram of ports P4, P5, P6, P8 
and the E pin output. 

In evaluation chip mode, port P4 is also used as control sig- 
nal pins. 
Refer to the section on processor modes for more details. 



' Port P43~P46 (Inside dotted-line not included) 
Port P47, P57, P6i~P67, P82 (Inside dotted-line included, but P82 is witliout hysterisis) 



K^ 



Data direction 
-register 




If 



< 



4^ 



I 



• Port P83 (Inside dotted-line not included) 
Port P5o~P56, P60 (Inside dotted-line included) 



^ 



Data direction 
-register 



- | Port latch \ - 



°V. 



Output- 



4 




1 

I 



^-^ 



• Port PBo, P81, 



Data direction 



<- 



-register 



Data bus " 1 Port latch [ 



"0"-o 



V 



Output- 



<H 




1 
1 



<- 



^^ 



J 



^^ 



1 



Fig. 52 Block diagram for ports P4, P5, P6, P8 and the E pin output 
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PROCESSOR MODE 

The bits of processor mode register as siiown in Figure 
53 is used to select either, microprocessor mode, or eva- 
luation chip mode. 

Figure 54 shows the functions of Aq to A7 pins, As/Da to A23/ 
D7 pins, and port P4 in each mode. 

The external memory area changes when the mode 
changes. 

Figure 55 shows the memory map for each mode. 
The accessing of the external memory is affected by the 
BYTE pin and the bit 2 (wait bit) of processor mode regis- 
ter . These will be described next. 



• BYTE pin 

When accessing the external memory, the level of the 

BYTE pin is used to determine whether to use the data bus 

as 8-bit width or 16-bit width. 

The data bus width is 8 bits when the level of the BYTE pin 

is "H" and Ais/Dq to A23/D7 become the data I/O pin. 

The data bus width is 16 bits when the level of the BYTE 

pin is "L" and Aig/Do to A23/D7 pins and Ag/Dg to A15/D15 

pins become the data I/O pins. 

When accessing the internal memory, the data bus width is 

always 16 bits regardless of the BYTE pin level: 



7 6 5 4 3 2 1 



M 



Processor mode register 

- Processor mode bit 

.* Microprocessor mode 

1 '. Evaluation cliip mode 



Address 
5Ei6 



■ This bit must be "1" (It is set to "1" after a reset) 

Wait bit 

: Wait 

1 : No Wait 

Software reset bit 
Reset occurs wlien this bit is set to 1 



■ Interrup priority resolusion time selection bit 

00: Select 1/f(X,N)X14 

1 : Select 1/f(X,N)X 8 

1 : Select l/f(X,N)X 4 

- Test mode bit 

This bit must be "0" 



Fig. 63 Processor mode register bit conflgulation 
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CMi 



CMo 



Mode 



Microprocessor Mode 



Evaluation Chip Mode 



Ao~A7 



Ao 

S 

f^7 



JC 



Address Ay 



EDC 



Same as left 



As/Ds 

S 
A15/D15 



BYTE="L" 



A15/D15 



Same as left 



Ai5~A, 



E 
Aa/D, 



\ )f Address A^s^AqjI 
A15/D15 -^ f^ 



As/Ds „^^^ ^ 

^ XAddressX 

A15/D15 



Data 

(odd) 



XI 



Port P4, P5 and their direction regis- 
ters are treated as 16-bit wide bus. 



BYTE = "L" 



A16/D0 
A23/D7 



BYTE = "H" 



E 

A16/D0 

\ 

A23/D^ 



Lk 



, 3(=D(2MI 



Same as left 



A23/D- 



i^ 



. 3(Z^3(SXI 



E 
A16/D0 



A23~ A16 



;i; K^xsxi 



Same as Aa/Dg to A15/D15 



P47 
P43 



JC 



I/O Port 



x: 



E 

P47 
P46 
P45 
P44 
P43 



1 


DC 


DBC 


DC 


DC 


VPA X 


DC 


DC 


VDA X 


DC 


X °- X 


DC 


MX. 


DC 



Fig. 54 Processor mode and Aq to A7 pins, Aq/Ds to A23/D7 pins and port P4 functions 
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•Wait bit 

As shown in Figure 56, when the external memory area Is 

accessed with the processor mode register bit 2 (wait bit) 

cleared to "0", the "L" width of E signal becomes twice 

compared with no wait (the wait bit is "1")- The wait bit is 

cleared during reset. 

The accessing of internal memory area is performed in no 

wait mode regardless of the wait bit. 

The processor modes are described below. 



Microprocessor Evaluation chip 
mode mode 







2l6 
9t6 

A16 
C16 




2l6 
9l6 


'''///A 


///// 






/ / / / / 




/ / / / / 






80,6 

47Fi6 


RAM 


RAM 


FFFFFF16 


1 


1 



The shaded area is the external memory area. 



Fig. 55 External memory area for each processor 
mode 



Internal clocks 


rrJTJTJTJnjT-rLTLr 


Wait bit , 
"1" 


Ai/Dj 

E 

ALE 


Address Address 


i_j 1 1 
n n 




Address Address 


Walt bit ^ 
"0" ' 


Ai/Dj 

E 

ALE 


t y Oa.a X y Oa.a V 




1 II > 


n n 









(1) Microprocessor mode 110] 

Microprocessor mode is entered by connecting the CNVss 
pin to Vcc and starting from reset. 

As/Ds to A15/D15 pins have two functions depending on the 
level of the BYTE pin. 

When the BYTE pin level is "L", As/Dg to A15/D15 pins func- 
tion as an address output pin while E is "H" and as an odd 
address data I/O pin while E is "L". However, if an internal 
memory is read, external data is ignored while E is "L". 
When the BYTE pin level "H", Aq/Dq to A15/D15 pins func- 
tion as an address output pin. 

A16/D0 to A23/D7 pins have two functions depending on the 
level of the BYTE pin. 

When the BYTE pin level is "L", Aie/Do^Ags/D/ pins func- 
tion as an address output pin while E is "H" and as an even 
address data I/O pin while E is "L". However, if an internal 
memory is read, external data is ignored while E is "L". 
When the BYTE pin level is "H", Ai6/Do~A23/D7 pins func- 
tions as an address output pin while E is "H" and as an 
even and odd address data I/O pin while E is "L". Howev- 
er, if an internal memory is read, external data is ignored 
while E is "L". 

R/W is a read/write signal which indicates a read when it 
is "H" and a write when it is "L". 

BHE is a byte high enable signal which indicates that an 
odd address is accessed when it is "L". 
Therefore, two bytes at even and odd addresses are 
accessed simultaneously if address Aq is "L" and BHE is 
"L". 



Fig. 56 Relationship between wait bit and access time 
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ALE is an address latch enable signal used to latch the 
address signal from a multiplexed signal of address and 
data. The latch is transparent while ALE is "H" to let the 
address signal pass through and held while ALE is "L". 
HLDA is a hold acknowledge signal and is used to notify 
externally when the microcomputer receives HOLD input 
and enters into hold state. 



HOLD is a hold request signal. It is an input signal used to 
put the microcomputer in hold state. HOLD input is 
accepted when the internal clock falls from "H" level to 
"L" level while the bus is not used. Aq to A7 pins, As/Ds to 
A23/D7 pins, R/W pin and BHE pin are floating while the 
microcomputer stays in hold state. These ports are floating 
after one cycle of the internal clock later than HLDA sig- 
nal changes to "L" level. At the removing of hold state, 
these ports are removed from floating state after one cycle 
of later than HLDA signal changes to "H" level. 
RDY is a ready signal. If this signal goes "L", the internal 
clock stops at "L". 0i output from clock 0i output pin 
doesn't stop. RDY is used when slow external memory is 
attached. 

(2) Evaluation chip mode [11] 

Evaluation chip mode is entered by applying voltage twice 
the Vcc voltage to the CNVss pin. This mode is normally 
used for evaluation tools. 

Ag/Ds to A15/D15 functions as an address output pin while E 
is "H" and as data I/O pin of odd addresses while E is "L" 
regardless of the BYTE pin level. However, if an internal 
memory is read, external data is ignored while E is "L". 
Aie/Do to A23/D7 function as an address output pin while E 
is "H" and as data I/O pin of even addresses while E is "L" 
when the BYTE pin level is "L". However, if an internal 
memory is read, external data is ignored while E is "L". 
When the BYTE pin level is "H", A-ie/Do to A23/D7 functions 
as an address output pin while E is "H" and as data I/O pin 
of even and odd addresses while E is "L". However, if an 
internal memory is read, external data is ignored while E is 
"L". 

Port P4 and its data direction register which are located at 
address OA16 and OC16 are treated differently in evaluation 
chip mode. When these addresses are accessed, the data 
bus width is treated as 16 bits regardless of the BYTE pin 
level, and the access cycle is treated as internal memory 
regardless of the wait bit. 

Ports P43 to P46 become MX, QCL, VDA, and VPA output 
pins respectively. Port P47 becomes the DBG input pin. 
The MX signal normally contains the contents of flag m, but 
the contents of flag x is output if the CPU is using flag x. 
QCL is the queue buffer clear signal. It becomes "H" when 
the instruction queue buffer is cleared, for example, when a 
jump instruction is executed. 

VDA is the valid data address signal. It becomes "H" while 
the CPU is reading data from data buffer or writing data to 
data buffer. It also becomes "H" when the first byte of the 



instruction (operation code) is read from the instruction 
queue buffer. 

VPA is the valid program address signal. It becomes "H" 
while the CPU is reading an instruction code from the in- 
struction queue buffer. 

DBC is the debug control signal and is used for debugging. 
Table 5 shows the relationship between the CNVss pin in- 
put levels and processor modes. 



Table 5. Relationship between the CNVss pin input 
levels and processor modes 



CNVss 


Mode 


Description 


Vcc 


• Microprocessor 

• Evaluation chip 


Microprocessor mode upon 
starting after reset. Evaluation 
chip mode can be selected 
by changing the processor 
mode bit by software. 


2 -Vcc 


• Evaluation chip 


• Evaluation chip mode only. 
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CLOCK GENERATING CIRCUIT 

Figure 57 shows a block diagram of tlie clock generator. 
When an STP instruction is executed, the internal clock 
stops oscillating at "L" level. At the same time, FFF16 is 
written to watchdog timer and the watchdog timer input 
connection is forced to f32. This connection is broken and 
connected to the input determined by the watchdog timer 
frequency selection flag when the most significant bit of the 
watchdog timer is cleared or reset. 

Oscillation resumes when an interrupt is received, but the 
internal clock <i> remains at "L" level until the most signifi- 
cant bit of the watchdog timer is cleared. This is to avoid 
the unstable interval at the start of oscillation when using a 
ceramic resonator. 

When a WIT instruction is executed, the internal clock ^ 
stops at "L" level, but the oscillator does not stop. The 
clock is restarted when an interrupt is received. Instructions 
can be executed immediately because the oscillator is not 
stopped. 



The stop or wait state Is released when an interrupt is re- 
ceived or when reset is issued. Therefore, interrupts must 
be enabled before executing a STP or WIT instruction. 
Figure 58 shows a circuit example using a ceramic (or 
quartz crystal) resonator. Use the manufacturer's recom- 
mended values for constants such as capacitance which 
differ for each resonator. Figure 59 shows an example of 
using an external clock signal. 

ADDRESSING MODES 

The M37730S2FP has 28 powerful addressing modes. Re- 
fer to the MELPS 7700 addressing mode description for the 
details of each addressing mode. 

MACHINE INSTRUCTION LIST 

The M37730S2FP has 103 machine instructions. Refer to 
the MELPS 7700 machine instruction list for details. 




Fig. 58 Circuit using a ceramic resonator 



M37730S2FP 



22 



Open 



External clock source 



Fig. 59 External clock input circuit 



Interrupt request - 



STP instruction - 



S Q — 1 



Lfs ~Q 



WIT instruction- 



W 



Q S 



-<1^ 



Reset 



-STP instruction 



Xy- 



Internal clock ^ 



CM 







— 1 

f2 




fl6 




1/2 


J 




1/8 




1/2 



Watchdog 
timer 



1/2 1/8 



O O 



Fig. 57 Block diagram of a clock generator 
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ABSOLUTE MAXIMUM RATINGS 


Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0.3-7 


V 


V, 


Input voltage RESET, CNVss, BYTE 




-0.3-12 


V 


V, 


Input voltage A8/D8~A23/D7, P43~P47, PSo-PSy, 
P6o~P67. P8o~P83, XiN, HOLD, 
RDY 




-0. 3~Vcc+0. 3 


V 


Vo 


Output voltage Aq-At, A8/D8~A23/D7, P43~P47, 

P5o~P57, P6o~P67, P8o~P83, Xqut, 

E, ^1, HLDA, ALE, BHE, 

R/W 




-0. 3~Vcc+0. 3 


V 


Pd 


Power dissipation 


Ta=25t 


300 (Note) 


mW 


Topr 


Operating temperature 




-20—85 


°C 


Tstg 


Storage temperature 




-40—150 


°C 



Note. In case of shrink plastic molded DIP, rating of power dissipation is lOOOmW. 



RECOMMENDED OPERATING CONDITIONS (Vcc=5V±10%, Ta=-20~85C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min. 


Typ. 


Max. 


Vcc 


Supply voltage 


4.5 


5.0 


5.5 


V 


Vss 


Supply voltage 









V 


V.H 


High-level input voltage P43' 
P8o' 
BYT 


-P47, P5o~P57, P6o~P67, 


0. 8Vcc 




Vcc 


V 


-P83, X|N, RESET, CNVss, 
E, HOLD, RDY 


V,H 


High-level input voltage A8/D8~A23/D7 


0. 5Vcc 




Vcc 


V 


V,L 


Low-level input voltage P43~ 
P8o- 
BYT 


-P47, P5o~P57, P6o~P67, 







0. 2Vcc 


V 


-P83, XiN, RESET, CNVss, 
E, HOLD, RDY 


V,u 


Low-level input voltage A8/D8~A23/D7 







o.ievcc 


V 


loH(peak) 


High-level peak output current Aq^Aj, A8/D8~A23/D7, 

P43~P47, P5o~P57, P6o~P67, 
P8o~P83,^i, HLDA, 
ALE, BHE, R/W 






-10 


mA 


loH(avg) 


High-level average output current Ao~A7, A8/D8~A23/D7, 

P43~P47, P5o~P57, P6o~P67, 
P8o~P83,';*i, HLDA, 
ALE, BHE, R/W 






-5 


mA 


loL(peak) 


Low-level peak output current Ao~A7, A8/D8~A23/D7, 

P43~P47, P5o~P57, P6o~P67, 
P8o~P83, ^, HLDA, 
ALE, BHE, R/W 






10 


mA 


loL(avg) 


Low-level average output current Ao~A7, A8/D8~A23/D7, 

P43~P47, P5o'-P57, P6o~P67, 
P8o~P83, 01, HLDA, 
ALE, BHE, R/W 






5 


mA 


f(X,N) 


External clock frequency input 


M37730S2FP, M37730S2SP 






8 


MHz 


M37730S2AFP, M37730S2ASP 






16 


M37730S2BFP, M37730S2BSP 






25 



Note 1 . Average output current is the average value of a 100ms interval. 

2 . The sum of loL(peak) ^or Ad~A7, A8/D8~A23/D7, HLDA, ALE, BHE, R/W, and port PS must be 80mA 

or less, _ 

the sum of ioH(peak) for Ao~A7, A8/D8~A23/D7, HLDA, ALE, BHE. R/W, and port P8 must be 80mA 

or less, 

the sum of loL(peak) for Ports P4, P5, P6, and </>^ must be 80mA or less, and 

the sum of loH(peak) for ports P4, P5, P6, and 9^1 must be 80mA or less. 
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M37730S2FP 

ELECTRICAL CHARACTERISTICS (Vc 



=5V, Vss=OV, Ta=25*C, f(XiN)=8MHz, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min. 


Typ. 


Max. 


VoH 


High-level output voltage Ao-A?, As/Da-Aza/D?, ^ 
P43~P47, P5o~P57, P6o~P67, 
P8o~P83, 01, HLDA, 
BHE, R/W 


loH=-^10mA 


3 






V 


VoH 


High-level output voltage Ao~A7, A8/D8~A23/D7, 
01, HLDA, BHE, R/W 


\oH=-m/uA 


4.7 






V 


VoH 


High-level output voltage ALE 


loH=-10mA 


3.1 






V 


loH=-400/iA 


4.8 






VoH 


High-level output voltage E 


loH=-10mA 


3.4 






V 


loH=-400/.A 


4.8 






Vol 


Low-level output voltage Ao~A7, A8/D8~A23/D7, 

P43~P47, P5o~P57, P6o~P67, 
P8o~P83, 01, HLDA, 
BHE, R/W 


loL— 10mA 






2 


V 


Vol 


Low-level output voltage Ao~A7, A8/D8~A23/D7, 
01, HLDA, BHE, R/W 


loL=2mA 






0.45 


V 


Vol 


Low-level output voltage ALE 


loL=10mA 






1.9 


V 


loL=2mA 






0.43 


Vol 


Low-level output voltage E 


loL=10mA 






1.6 


V 


loL^2mA 






0.4 


Vt+-Vt- 


Hysteresis HOLD, RDY, TA0|n~TA4|n, TBO,n, 
INTo~INT2, CTSo, CLKo 




0.4 




1 


V 


Vt4--Vt- 


Hysteresis RESET 




G.2 




0.5 


V 


Vt+-Vt- 


Hysteresis X|n 




0.1 




0.3 


V 


llH 


High-level input current A8/D8~A23/D7, P43~P47, 

P5o~P57, P6o~P67, P8o~P83, 
X,N, RESET, CNVss, BYTE, 
HOLD, RDY 


V|=5V 


■ 




5 


UA 


Iil 


Low-level input current A8/D8~A23/D7, P43~P47, 

P5o~P57, P6o~P67, P8o~P83, 
XiN. RESET, CNVss, BYTE, 
HOLD, RDY 


V,=OV 






-5 


juA 


Vram 


RAM hold voltage 


When clock is stopped. 


2 






V 


Ice 


Power supply current 


Output only pin Is 
open and other pins 
are Vss during reset. 


f(X,N)=8MHz, 
square waveform 




6 

■ 


12 


mA 


Ta=25°C when clock 
is stopped. 






1 


mA 


Ta=85°C when clock 
Is stopped. 
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MITSUBISHI MICROCOMPUTERS 

IVI37730S2FP,M37730S2AFP,IVI37730S2BFP 
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16-BIT CMOS MICROCOMPUTER 



M37730S2AFP 

ELECTRICAL CHARACTERISTICS (Voc=5vvs 



,=0V, Ta=25X;, f(X|N)=15MHz, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min. 


Typ. 


Max. 


VoH 


High-level output voltage Ao-Ay, A8/D8~A23/D7, 

P43~P47, P5o~P57. P6o~P67, 
P8o~P83. <l>^, HLDA, 
BHE, R/W 


loH=-10mA 


3 






V 


VoH 


High-level output voltage Ao~A7, A8/D8~A23/D7, 
^1, HLDA, BHE, R/W 


loH=-400//A 


4.7 






V 


VoH 


High-level output voltage ALE 


loH=-10mA 


3.1 






V 


loH=-400/iA 


4.8 






VoH 


High-level output voltage E 


loH=-10mA 


3.4 






V 


loH=-400/iA 


4.8 






Vol 


Low-level output voltage ^o~^r, A8/D8~A23/D7, 

P43~P47, P5o~P57, P6o~P67, 
P8o~P83, 01, HLDA, 
BHE, R/W 


loL=10mA 






2 


V 


Vol 


Low-level output voltage Ao~A7, A8/D8~A23/D7, 
<f>^, HLDA, BHE, R/W 


loL=2mA 






0.45 


V 


Vol 


Low-level output voltage ALE 


loL=10mA 






1.9 


V 


loL=2mA 






0.43 


Vol 


Low-level output voltage E 


loL=10mA 






. 1.6 


V 


loL=2mA 






0.4 


Vt+-Vt- 


Hysteresis HOLD, RDY, TA0in~TA4in, TBOin, 
INTo~INT2, CTSo, CLKq 




0.4 




1 


V 


Vt+-Vt- 


Hysteresis RESET 




0.2 




0.5 


V 


Vt+-Vt- 


Hysteresis Xin 




0.1 




0.3 


V 


l|H 


High-level input current A8/D8~A23/D7, P43~P47, 

P5o~P57. P6o~P67, P8o~P83, 


V|=5V 






5 


mA 


Xin, RESET, CNVss, BYTE, 
HOLD, RDY ~ 


IlL 


Low-level input current A8/D8~A23/D7 P43~P47, 

P5o~P57, P6o~P67, P8o~P83, 


Vi=OV 






-5 


mA 


X,N, RESET, CNVss, BYTE, 
HOLD, RDY 


VraM 


RAM hold voltage 


When clock is stopped. 


2 






V 


Ice 


Power supply current 


Output only pin is 
open and other pins 
are Vss during reset. 


f(XiN) = 16MHz, 
square waveform 




12 


24 


mA 


Ta=25°C when clock 
is stopped. 






1 


mA 


Ta=85°C when clock 
is stopped. 
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MITSUBISHI MICROCOMPUTERS 

M37730S2FP,M37730S2AFP,M37730S2BFP 
M37730S2SP,M37730S2ASP,M37730S2BSP 



16-BIT CMOS MICROCOMPUTER 



M37730S2BFP 

ELECTRICAL CHARACTERISTICS (Vco=5vv^ 



=0V, Ta=25'C, f(X,N)=25MHz, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




U\n. 


Typ. 


Max. 


VoH 


High-level output voltage Ao~A7, A8/D8~A23/D7, 

P43~P47, P5o~P57, P6o~P67, 
P8o~P83, 01. HLDA, 
BHE, R/W 


loH=-10mA 


3 






V 


VOH 


High-level output voltage Ao~A7, A8/D8~A23/D7, 
4>^, HLDA, BHE, R/W 


loH=-400//A 


4.7 






V 


VoH 


High-level output voltage ALE 


loH=-10mA 


3.1 






V 


loH=-400/.A 


4.8 






VoH 


High-level output voltage E 


loH=-10mA 


3.4 






V 


loH=-400M 


4.8 






Vol 


Low-level output voltage ktr-k-j, A8/D8~A23/D7, 

P43~P47, P5o~P57, P6o~P67, 
P8o~P83, <^>^, HLDA, 
BHE, R/W 


loL=10mA 






2 


V 


Vol 


Low-level output voltage Ao~A7, A8/D8~A23/D7, 
<^>^. HLDA, BHE, R/W 


loL=2mA 






0.45 


V 


Vol 


Low-level output voltage ALE 


loL=10mA 






1.9 


V 


loL=2mA 






0.43 


Vol 


Low-level output voltage E 


loL=10mA 


■ 




1.6 


V 


loL=2mA 






0.4 


Vt+-Vt- 


Hysteresis HOLD, RDY, TA0|n~TA4,n, TBO,n, 
INTo~INT2, CTSo, CLKq 


. 


0.4 




1 


V 


Vt+-Vt- 


Hysteresis RESET 




0.2 




0.5 


V 


Vt+-Vt- 


Hysteresis X,n 




0.1 




0.3 


V 


llH 


High-level input current A8/D8~A23/D7, P43~P47, 

P5o~P57, P6o~P67, P8o~P83, 
X,N, RESET, CNVss, BYTE, 
HOLD, RDY 


V,=5V 






5 


ju/K 


IlL 


Low-level input current A8/D8~A23/D7, P43~P47, 

P5o~P57, P6o~P67, P8o~P83, 


V|=OV 






-5 


UA 


XiN, RESET, CNVss, BYTE, 
HOLD, RDY 


Vram 


RAM hold voltage 


When clock is stopped. 


2 






V 


Ice 


Power supply current 


Output only pin is 
open and other pins 
are Vss during reset. 


f(X,N)=25MHz, 
square waveform 




19 


38 


mA 


Ta=25r when clock 
is stopped. 






1 


juA 


Ta=85°C when clock 
Is stopped. 






20 
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MITSUBISHI MICROCOMPUTERS 



M37730S2FP,M37730S2AFP,M37730S2BFP 
IVI37730S2SP,IVI37730S2ASP,IVI37730S2BSP 



16-BIT CMOS MICROCOMPUTER 



TIMING REQUIREMENTS (Vcc=5V±10%, Vss=OV, Ta=25°C, unless otherwise noted) 

External clock input 



Symbol 


Parameter 


Limits 


Unit 


8 MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc 


External clock Input cycle time 


125 




62 




40 




ns 


tw(H) 


External clock input high-level pulse width 


50 




25 




15 




ns 


tw(L) 


External clock input low-level pulse width 


50 




25 




15 




ns 


tr 


External clock rise time 




20 




10 




8 


ns 


tf 


External clock fall time 




20 




10 




8 


ns 



Microprocessor mode 



Symbol 


Parameter 


Limits 


Unit 


8 MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tsu(DH— E) 


Data high-order input setup time 


60 




45 




30 




ns 


tsU(DL— E) 


Data low-order input setup time 


60 




45 




30 




ns 


tsU(P4D— E) 


Port P4 Input setup time 


200 




100 




60 




ns 


tsU(P5D— E) 


Port P5 input setup time 


200 




100 




60 




ns 


tsU(P6D— E) 


Port P6 input setup time 


200 




100 




60 




ns 


tsU(P8D— E) 


Port P8 input setup time 


200 




100 




60 




ns 


tsU(RDY-0i) 


RDY input setup time 


70 




60 




55 




ns 


tsU(HOLD— 0i) 


HOLD input setup time 


70 




60 




55 




ns 


th(E-DH) 


Data high-order input hold time 

















ns 


th(E-DL) 


Data low-order input hold time 

















ns 


th(E-P4D) 


Port P4 input hold time 

















ns 


th(E-P5D) 


Port P5 input hold time 

















ns 


th(E-P6D) 


Port P6 input hold time 

















ns 


th(E— PSD) 


Port P8 input hold time 

















ns 


th(9ii-RDY) 


RDY input hold time 

















ns 


th(0i— HOLD) 


HOLD input hold time 

















ns 
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MITSUBISHI MICROCOMPUTERS 

M37730S2FP,M37730S2AFP,M37730S2BFP 
M37730S2SP,M37730S2ASP,M37730S2BSP 

16-BIT CMOS MICROCOMPUTER 



Timer A input (Count input in event counter mode) 


Symbol 


Parameter 


Limits 


Unit 


8 MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TA) 


TAiiN input cycle time 


250 




125 




80 




ns 


tw(TAH) 


TAiiN input hrgh-level pulse width 


125 




62 




40 




ns 


tw(TAL) 


TAiiN input low-level pulse width 


125 




62 




40 




•ns 


Timer A input (Gating input in timer mode) 


Symbol 


Parameter 


Limits 


Unit 


8 MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TA) 


TAliN input cycle time 


1000 




500 




320 




ns 


tw(TAH) 


TAiiN input high-level pulse width 


500 




250 




160 




ns 


tw(TAL) 


TAiiN input low-level pulse width 


500 




250 




160 




ns 


Timer A input (External trigger input in one-shot pulse mode) 


Symbol 


Parameter 


Limits 


Unit 


8 MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TA) 


TAiiN input cycle time 


500 




250 




160 




ns 


tw(TAH) 


TAiiN input high-level pulse width 


250 




125 




80 




ns 


tw(TAL) 


TAiiN input low-level pulse width 


250 




125 




80 




ns 


Timer A input (External trigger input in pulse width modulation mode) 


Symbol 


Parameter 


Limits 


Unit 


8 MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tw(TAH) 


TAiiN input high-level pulse width 


250 




125 




80 




ns 


tw(TAL) 


TAiiN input low-level pulse width 


250 




125 




80 




ns 


Timer A input (Up-down input in event counter mode) 


Symbol 


Parameter 


Limits 


Unit 


8 MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(up) 


TAiouT input cycle time 


5000 




2500 




2000 




ns 


tw(UPH) 


TAiouT input high-level pulse width 


2500 




1250 




1000 




ns 


tw(UPL) 


TAiouT input low-level pulse width 


2500 




1250 




1000 




ns 


tsU(UP-TiN) 


TAiouT input setup time 


1000 




500 




400 




ns 


th(TiN-UP) 


TAiouT input hold time 


1000 




500 




400 




ns 
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IVI37730S2FP,M37730S2AFP,M37730S2BFP 
M37730S2SP,M37730S2ASP,IVI37730S2BSP 









16-BIT CMOS 


IVIICR 


OCOA 


/IPUTER 


TilTier B input (count input in event counter mode) 


Symbol 


Parameter 


Limits 


Unit 


8 MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TB) 


TBOiN input cycle time (one edge count) 


250 




125 , 




80 




ns 


^w(tbh) 


TBOiN input high-level pulse width (one edge count) 


125 




62 




40 




ns 


tw(TBL) 


TBOiN input low-level pulse width (one edge count) 


125 




62 




40 




ns 


tc(TB) 


TBOiN input cycle time (both edges count) 


500 




250 




160 




ns 


tw(TBH) 


TBOiN input high-level pulse width (both edges count) 


250 




125 




80 




ns 


tw(TBL) 


TBOiN input low-level pulse width (both edges count) 


250 




125 




80 




ns 


Tiin©r B input (Pulse period measurement mode) 


Symbol 


Parameter 


Limits 


Unit 


8 MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TB) 


TBOiN input cycle time 


1000 




500 




320 




ns 


tw(TBH) 


TBOiN input high-level pulse width 


500 




250 




160 




ns 


tw(TBL) 


TBOiN input low-level pulse width 


500 




250 




160 




ns 


TilTI©r B input (Pulsewldtli measurement mode) 


Symbol 


Parameter 


Limits 


Unit 


8 MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TB) 


TBOiN input cycle time 


1000 




500 




320 




ns 


tw(TBH) 


TBOiN input high-level pulse width 


500 




250 




160 




ns 


tw(TBU) 


TBOiN input low-level pulse width 


500 




250 




160 




ns 


Serialt/O 


Symbol 


Parameter 


Limits 


Unit 


8 MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(CK) 


CLKo input cycle time 


500 




250 




200 




ns 


tw(CKH) 


CLKo input high-level pulse width 


250 




125 




100 




ns 


tw(CKL) 


CLKo input low-level pulse width 


250 




125 




100 




ns 


td(C-Q) 


TxDo output delay time 




150 




90 




80 


ns 


th(c-Q) 


TxDo hold time 


30 




30 




30 




ns 


tsU(D— C) 


RxDo input setup time 


60 




30 




20 




ns 


th(c-D) 


RxDo input hold time 


90 




90 




90 




ns 



External interrupt INTj input 



Symbol 


Parameter 


Limits 


Unit 


8 MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tw(lNH) 


INTJ input high-level pulse width 


250 




250 




250 




ns 


tw(lNL) 


INTj Input low-level pulse width 


250 




250 




250 




ns 
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MITSUBISHI MICROCOMPUTERS 



M37730S2FF,M37730S2AFPvlVI37730S2BFP 
M37730S2SF,IVI3773dS2ASP,IVI37730S2BSP 



16-BIT CMOS MICROCOMPUTER 



SWITCHING CHARACTERISTICS (Vcc=5V±10%, Vss=OV, Ta=25r unless otherwise noted) 

Microprocessor mode (when wait bit = 1) 



Symbol 


Parameter 


Test conditions 


Limits 


• 
Unit 


8 MHz 


16MHz 


25MH2 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


td(AL-E) 


Address low^order output delay time 


Fig. 60 


100 




30 




12 




ns 


td(E— DHQ) 


Data high-order output delay time (BYTE="L") 




110 




70 




45 


ns 


tpXZ(E— DHZ) 


Floating start delay time (BYTE="L") 




5 




5 




5 


ns 


tcl(AM-E) 


Address middle-order output delay time 


100 




30 




12 




ns 


td(AM— ALE) 


Address middle-order output delay time 


80 




24 




5 




ns 


td(E— DLQ) 


Data low-order output delay time 




110 




70 




45 


ns 


tpxz(E— DL2) 


Floating start delay time 




5 




5 




5 


ns 


td(AH-E) 


Address high-order output delay time 


100 




30 




12 




ns 


td(AH-ALE) 


Address high-order output delay time 


80 




24 




5 




ns 


td(<*i — HLDA) 


HLDA output delay time 




100 




50 




50 


ns 


td(ALE-E) 


ALE output delay time 


4 




4 




4 




ns 


tw(ALE) 


ALE pulse width 


90 




35 




22 




ns 


td(BHE-E) 


BHE output delay time 


100 




30 




20 




ns 


td(R/W— E) 


R/W output delay time 


100 




30 




20 




ns 


td(E-^i) 


(f>^ output delay time 





30 





20 





18 


ns 


th(E-AL) 


Address low-order hold time 


50 




25 




18 




ns 


th(ALE— AM) 


Address middle-order hold time (BYTE="L") 


9 




9 




9 




ns 


th(E— DHQ) 


Data high-order hold time (BYTE="L") 


50 




25 




18 




ns 


tpZX( E—DHZ) 


Floating release delay time (BYTE="L") 


50 




25 




18 




ns 


th(E-AM) 


Address middle-order hold time (BYTE="H") 


50 




25 




18 




ns 


th(ALE-AH) 


Address high-order hold time 


9 




9 




9 




ns 


th(E— DLQ) 


Data low-order hold time 


50 




25 




18 




ns 


tpzx(E— DLZ) 


Floating release delay time 


50 




25 




18 




ns 


th(E-BHE) 


BHE hold time 


18 




18 




18 




ns 


th(E-i.R/w) 


R/W hold time 


18 




18 




18 




ns 


td(E— P4Q) 


Port P4 data output delay time 




200 




100 




80 


ns 


td(E-P5Q) 


Port P5 data output delay time 




200 




100 




80 


ns 


td(e— P6Q) 


Port P6 data output delay time 




200 




100 




80 


ns 


td(E-P8Q) 


Port P8 data output delay time 




200 




100 




80 


ns 


tw(EL) 


E pulse width 


220 




95 




50 




ns 
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M37730S2FP,M37730S2AFP,M37730S2BFP 
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16-BIT CMOS MICROCOMPUTER 



MiCrOprOC6SSOr mOdG (when wait bit = "0", and external memory area is accessed) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


8 MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


td(AU-E), 


Address low-order output delay time 


Fig.60 


100 




30 




12 




ns 


td(E-^DHQ) 


Data high-order output delay time (BYTE="L") 




110 




70 




45 


ns 


tpXZ(E— DHZ) 


Floating start delay time (BYTE="L") 




5 




5 




5 


ns 


td(AM-E) 


Address middle-order output delay time 


100 




30 




12 




ns 


td(AM— ALE) 


Address middle-order output delay time 


80 




24 




5 




ns 


td(E— DLQ) 


Data low-order output delay time 




110 




70 




45 


ns 


tpXZ(E— DLZ) 


Floating start delay time 




5 




5 




5 


ns 


td(AH — E) 


Address high-order output delay time 


100 




30 




12 




ns 


td(AH— ALE) 


Address high-order output delay time 


80 




24 




5 




ns 


td(0i — HLDA) 


HLDA output delay time 




100 




50 




50 


ns 


td(ALE-E) 


ALE output delay time 


4 




4 




4 




ns 


tw(ALE) 


ALE pulse width 


90 




35 




22 




ns 


td(BHE-E) 


BHE output delay time 


100 




30 




20 




ns 


td(R/W— E) 


R/W output delay time 


100 




30 




20 




ns 


•td(E-«ii) 


<t>^ output delay time 





30 





20 





18 


ns 


th(E-AL) 


Address low-order hold time 


50 




25 




18 




ns 


th(ALE— AM) 


Address middle-order hold time (BYTE="L") 


9 




9 




9 




ns 


th(E-DHQ) 


Data high-order hold time (BYTE="L") 


50 




25 




18 




ns 


tpZX(E— DHZ) 


Floating release delay time (BYTE="L") 


50 




25 




18 




ns 


th(E— AM) 


Address middle-order hold time (BYTE="H") 


50 




25 




18 




ns 


th(ALE— AH) 


Address high-order hold time 


9 




9 




9 




ns 


th(E— DLQ) 


Data low-order hold time 


50 




25 




18 




ns 


tpzX(E— DLZ) 


Floating release delay time 


50 




25 




18 




ns 


th(E— BHE) 


BHE hold time 


18 




18 




18 




ns 


th(E— R/W) 


R/W hold time 


18 




18 




18 




ns 


td(E— P4Q) 


Port P4 data output delay time 




200 




100 




80 


ns 


td(E-P5Q) 


Port P5 data output delay time 




200 




100 




80 


ns 


td(E-P6Q) 


Port P6 data output delay time 




200 




100 




80 


ns 


td(E— P8Q) 


Port P8 data output delay time 




200 




100 




80 


ns 


tw(EL) 


E pulse width 


470 




220 




130 




ns 







« O 




Ao-Ar 

A8/D8~A23/D7 






P4 






P5 

P6 

PS 

HLDA 


lOGpF 




ALE 






BHE 






R/W 






01 






E 









Fig. 60 Testing circuit for each terminal 
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MITSUBISHI MICROCOMPUTERS 

M37730S2FP,M37730S2AFP,IVI37730S2BFP 
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16-BIT CMOS MICROCOMPUTER 



TIMING DIAGRAM 




Port P4 output 
Port P4 input 
Port P5 output 
Port P5 input 
Port P6 output 
Port P6 input 
Port P8 output 
Port P8 input 



tsU(P4D-E) 



tsU(P5D— E) 



/ 



r-\ 




tsU(P6D-E) 



r^ 



tsU(P8D-E) 



/TT 



J. 



td(E-P4Q) 



th(E-P4D) 



X 



td(.E-P6Q) 



^^ th(E-P! 



J. 



tcl(E-P60) 



th(E-P6D) 



X 



td(E-P8Q) 



th(E-P8D) 
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16-BIT CMOS MICROCOMPUTER 



TAiiN input 



TAiouT input 




TAiouT input 
(Up-down input) 



In Event counter mode 



TAliN input 

(When count by failing) 



TAiiN input 

(When count by rising) 



>: 



J th(T,N-UP 



V 



tsu(u 



-T(n) L 



J 



TBOiN input _ 



X 



TcCtb 



tw(TBL) 



t V. 



CLKo 



TxDo 



RxDo 



INTj input 



/ 



tw(CKH) 



tc(CK 



tw(CKL) 



>: 



td(c-Q) 



/' 1 



I 



tsU(D-C) 



,th(C-D), 



th(c-Q) 



V 



\ 



^WdNL 



twdNH) 



^^ [ 



X 
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Microprocessor mode (When wait bit = "1") 



A / V 



RDY Input 



tsU(RDY-9ii) 
-^ 5> 



/-■ 



K 



th(9i1-RDY) 



Microprocessor mode (When wait bit = "0") 



\ 



RDY input 



\ 



tsU{RDY-(iSi) 



r 



th(!41-RDY) 

h^ ^ 



Microprocessor mode (When wait bit = "1" or "0" in common) 



tsu(HOLD- 



HOLD input 



^. 



(*i) 



td(0i-HLDA) 



HLDA output 



^. 



th(?>i — HOLD) 



/ 



td((*i-HLDA) 
^ 



/ 



Test conditions 
•Vcc=5V±10% 

• Input timing voltage : V,l=1. OV, V|h=4. OV 

• Output timing voltage : Vol=0. 8V, Voh=2. OV 
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16-BIT CMOS MICROCOMPUTER 



Microprocessor mode (When wait bit = "1") 



KXin) 



\j~vr\j\j 



tw(H) 




^ 



Ao~A7 output 



Aa/Ds-Ais/Dis 

output 

(BYTE="L") 



A8~Ai5 output 
(BYTE="H") 

D8~Di5 input 



Aie/Do—Asa/Dy 
output 

Do~D7 input 



ALE output 



BHE output 



R/W output 



\_7^v_^A_y~^^ 




Test conditions 
•Vcc=5V±10% 

• Output timing voltage : Vol=0. 8V, Voh=2. OV 

• Do~Di5 input : V,L=0. 8V, V|h=2. 5V 
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Microprocessor mode (when wait bit = "0", and external memory area is accessed) 



f(X,N) 



Ao~A7 output 



A8/D8~Ai5/Di5 

output 
(BYTE="L") 



A8~Ai5 output 
(BYTE="H") 



D8~Di5 Input 



Ai6/Do~A23/D7 

output 



Do~D7 Input 



ALE output 



BHE output 



R/W output 




th(ALE-AM) ^ 



Address 



td(AM-ALE) 



th(ALE-AH) 



td(AH-ALE) 
< > 



n 



X 



\ 



th(E-DHQ) 



J 



Data 



H td(E-DHQ) 



th(E-AM) 



Address 



th(E-DLQ) 



Data 



'td(E-DLQ) 



tw(ALE) 



td(BHE-E) 



td(R/W-E) 



t 



K 



td(AM-E) 



Address 



td(AH-E) 

■^ > 



J\ 



tpXZ(E-DHZ) 



> 



Address 



tsU(DH-E) 



i 



tpXZ(E-DLZ) 



>■ 



tsU(DL-E) 



td(ALE-E) 



3 



th(E-BHE) 



t|l(E-R/W) 



Test conditions 
•Vcc=5V±10% 

• Output timing voltage : Vol=0. 8V, Voh=2. OV 

• Do~Di5 Input : V,L=0. 8V, V,h=2. 5V 



■< 



tpZX(E-DHZ) 



X 



**- th(E-DH) 



tpzX(E-DLZ) 



■i 



Address 



-fs— th(E-DL) 



/ 1 



X 



2-236 



MITSUBISHI 
lELECTHC 



MITSUBISHI MICROCOMPUTERS 

M37732S4FP,M37732S4AFP 

M37732S4BFP 



16-BIT CMOS MICROCOMPUTER 



DESCRIPTION 

The M37732S4FP is a single-chip microcomputer designed 
with high-performance CMOS silicon gate technology. This 
is housed in a 80-pin plastic molded QFP. This single-chip 
microcomputer has a large 16M bytes address space, three 
instruction queue buffers, and two data buffers for high- 
speed instruction execution. The CPU is a 16-bit parallel 
processor that can also be switched to perform 8-bit para- 
llel processing. This microcomputer is suitable for office, 
business, and industrial equipment controller that require 
high-speed processing of large data. 
The differences between M37732S4FP, M37732S4AFP and 
M37732S4BFP are the external clock input frequency as 
shown below. Therefore, the following descriptions will be 
for the M37732S4FP unless otherwise noted. 



Type name 


ROM size 


External clock input frequency 


M37732S4FP 


Extemal 


8 MHz 


M37732S4AFP 


Extemal 


16MHz 


M37732S4BFP 


External 


25MHz 



FEATURES 

• Number of basic instructions 103 

• Memory size RAM 2048 bytes 

• Instruction execution time 
M37732S4FP 

(The fastest instruction at 8MHz frequency) 500ns 

M37732S4AFP 

(The fastest instruction at 16MHz frequency) 250ns 

M37732S4BFP 

(The fastest instruction at 25MHz frequency) 160ns 

• Single power supply ••5V±10% 

• Low power dissipation (at 8MHz frequency) 

30mW(Typ.) 

• Interrupts 19 types 7 levels 

• Multiple function 16-bit timer 5+3 

• UART (may also be synchronous) 2 

• 8-bit A-D converter 8-channel inputs 

• 12-bit watchdog timer 

• Programmable input/output 

(ports P4, P5, P6, P7, P8) 37 

• Pulse output port 4-bitX2 



PIN CONFIGURATION (TOP VIEW) 



I ° 9 

CO "^ 

^- -I 

o o 



Q Q 



.Q.Q.Q.Q.a><><>C 



P7o/ANo ■ 
P67/TB21N ■ 

P66/TB1|N- 
PBs/TBOiN- 

P64/INT2 ■ 
P63/INT1 - 
P62/INT0 ■ 

P6i/TA4|N - 

P6o/TA4ouT " 

P57/TA3|n/RTP13- 

P56/TA3out/RTP12- 

P55/TA2|n/RTP1i ■ 

P54/TA2out/RTP1o- 

P53/TA1,n/RTP03 ■ 

P52/TAI0UT/RTPO2 ■ 

P5i/TA0,n/RTP0i • 

PSo/TAOout/RIPOo - 

P47/DBC* ■ 

P46/VPA* ■ 

P45/VDA* • 

P44/QCL* ■ 

P43/MX* ■ 

Ai- 

RDY- 



M n t M i ■ tut 



O 



CO 


" F 


■>j 


■^ CO 


-si 


-»J -vl 


(O 


CO ^ ^ 


M 


rv3 CO 


(n 


^ ^ ^ 


^ 


^ CO 


DD 


> :^ 



[25||26|l27]|28jl29j|30jl3l|l32jl33]|34j|35j|36j^l38j|3^ 

t t t t i i li i i n n 



■ P84/CTS1/RTS1 

■ P85/CLK1 

■ PSe/RxDi 

• PSy/TxDi 
Ao 

Ai 
A2 
A3 
A4 
A5 
Ae 
A7 

■ Ab/Ds 

• A9/D9 
A10/D10 

■A11/D11 
A12/D12 
A13/D13 

■ A14/D14 
A15/D15 

• A16/D0 
A17/D1 
A18/D2 
A19/D3 



|x *" o 



I—' z' t-|LU W|< UJILL1I> J^ JP JP J? 



Outline 80P6N 

*: Used in the evaluation chip mode only 



APPLICATION 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as ME, NC, 
communication and measuring instruments. 
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M37732S4FP BLOCK DIAGRAM 



Clock Clock 
input output 

X|N XouT 



Clock 01 
output output 

9^1 E 

ID ®— 



Enable Reset 
input 



(5V) 
Vcc 



Clock Generating Circuit 



(OV) 
Vss 

I T 



(5V) 
CNVs, 



(OV) 
AVs: 



(5V) 
AVc 



Hold 
Reference acknowledge Address latch Byte high Read/Write Hold request Ready 

voltage input signal enable enable output Input input 

Vref hlda ale bhe r/w hold rdy 

^ — ■ — ® —® ^- 

t t t <l^ ^ 



Bus widtti 
selection input 
BYTE 



llnstruction Register (8)1 

F 



n 



ZE 



<> 1> <> O iTTffF 



]U\ 



«iJ 



Ik 



IPIWP 
Jfifiririo: 



I Timer TA4( 16) 



Timer TA3(16) 



RAM 
2048 Bytes 



imK 



Timer TA2(16) 



Timer TA1 (16) 



Timer TAO( 16) 



H 



2E 



HH 



H 



an . . an _ m .. uji .. im 




[Watchdog Timerj 
I Timer TB2(16) 



UART1(9) 



I Timer TBOdS) I I UART0(9) I Ia-D Converter(8) 



P8(8) 



P7(8) 



P6(8) 



P5(8) 



P4(5) 



'— --#4##l)® ®@H&®(S)®(8)® ®(i>^ 



Emt 



Address higher middler/Data(16) 



mt 



Address lower 



Input/Output 
port P8 



Input/Output 
port P7 



Input/Output 
port P6 



Input/Output 
port P5 



Input/Output 
port P4 



Address bus/Data bus 



Address bus 



0> 






m 


i^ 


H 
in 


H 


■n 


C 


O 


■0 


m 


s 




CO 


o 


SS 


z 




WM 


2 


S 


^^ 


(^ 


o 


K|^ 


31 


o 
o 


MW 


o 
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16-BIT CMOS MICROCOMPUTER 



FUNCTIONS OF M37732S4FP 


Parameter 


Functions 


Number of basic instructions 


103 


Instruction execution time 


M37732S4FP 


500ns (the fastest instructions, at 8MHz frequency) 


M37732S4AFP 


250ns (the fastest instructions, at 16MHz frequency) 


M37732S4BFP 


160ns (the fastest instructions, at 25MHz frequency) 


Memory size 


RAM 


2048 bytes 


Input/Output ports 


P5~P8 


8 -bitX 4 


P4 


5 -bitX 1 


Multi-function timers 


TAO, TA1 , TA2, TA3, TA4 


16-bitX5 


TBO, TB1,TB2 


1 6-bit X 3 


Serial I/O 


(UART or clock synchronous serial l/0)X2 


A-D converter 


8-bitX 1 ( 8 channels) 


Watchdog timer 


12-bitX 1 


Interrupts 


3 external types, 16 internal types 

(Each interrupt can be set the priority levels to ~ 7 .) 


Clock generating circuit 


Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 


Supply voltage 


5V±10% 


Power dissipation 


30mW(at external 8 MHz frequency) 


Input/Output characteristic 


Input/Output voltage 


5V 


Output current 


5 mA 


Memory expansion 


16M bytes 


Operating temperature range 


-20~85r 


Device structure 


CMOS high-performance silicon gate process 


Package 


80-pin plastic molded QFP 
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PIN DESCRIPTION 



Pin 


Name 


Input/Output 


Functions 


Vcc, Vss 


Power supply 




Supply 5 V±10% to Vcc and V to Vss. 


CNVss 


CNVss input 


Input 


Connect to Vcc- 




Reset input 


Input 


To enter the reset state, this pin must be kept at a "L" condition should be maintained for the required 
time. 


RESET 


X|N 


Clock input 


Input 


These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resoriator be- 
tween XiN and XouT- When an external clock is used, the clock source should be connected to the Xin pin 
and the Xqut pin should be left open. 


XoUT 


Clock output , 


Output 


E 


Enable output 


Output 


Data or instruction read and data write are performed when output from this pin is "L". 


BYTE 


Bus width selection input 


Input 


This pin determines whether the external data bus is 8-bit width or 16-bit width. The width is 16 bits when 
"L" signal inputs and 8 bits when "H" signal inputs. 


AVcc, AVss 


Analog supply input 




Power supply for A-D converter. Connect AVcc to Vcc. and AVss to Vss externally. 


Vref 


Reference voltage input 


Input 


This is reference voltage input pin for A-D converter. 


9^1 


Clock output 


Output 


This pin outputs the clock <})^ which is divided the clock to Xin pin by 2. 


RDY 


Ready 


Input 


This is ready input pin. This is an input pin for the RDY signal. Internal clock stops while this signal is "L". 


HOLD 


Hold request input 


Input 


This is an input pin for HOLD request signal. The microcomputer enters into hold state while this signal is 
"L". 


HLDA 


Hold acknowledge output 


Output 


This is an output pin for HLDA signal, indicates the hold state. 


R/W 


Read/Write output 


Output 


"H" indicates the read status and "L" indicates the write status. 


BHE 


Byte high enable output 


Output 


"L" is output when an odd-numbered address is accessed. 


ALE 


Address latch enable 
output 


Output 


This is used to retrieve only the address data from address data and data multiplex signal. 


Ao~A7 


Address (low-order) 
output 


Output 


Address (A7~Ao) is output. 


As/Dg- 
A15/D15 


Address (middle-order) 
output/Data (high-order) 
I/O 


I/O 


In case the BYTE pin is "L" and an external data bus is 16-bit width, high-order data (Di5~D8) is input or 
output when E output is "L" and an address (Ai5~A8) is output when E output is "H". In case the BYTE pin 
is "H" and an external data bus is 8-bit width, only address (Ais—As) is output 


Ai6/Do~ 
A23/D7 


Address (high-order) 
output/Data (low-order) 
I/O 


I/O 


Low-order data (D7~Do) is input or output when E output is "L", and an address (A23~Ai6) is output when 
E output is "H". 


P43~P47 


I/O port P4 


I/O 


Port P4 is a 5-bit I/O port. This port has an data direction register and each pin can be programmed for in- 
put or output. This port is in input mode when reset. 


P5o~P57 


I/O port P5 


I/O 


Port P5 is a 8-bit I/O port. This port has an data direction register and each pin can be programmed for in- 
put or output. This port is in input mode when reset. 
These pins also function as I/O pins for timer AO, timer A1, timer A2 and timer A3. 


P6o~P67 


I/O port P6 


I/O 


In addition to having the same functions as port P5, these pins also function as I/O pins for timer A4, exter- 
nal interrupt input INTo, INT1 and INT2 pins, and input pin for timer BO, timer B1 and timer B2. 


P7o~P77 


I/O port P7 


I/O 


Port P7 is a 8-bit I/O port. This port has an data direction register and each pin can be programmed for in- 
put or output This port is input mode when reset These pins also function as analog input ANo~AN7 input 
pins. P77 also has an A-D conversion trigger input function. 


P8o~P87 


I/O port P8 


I/O 


Port P8 is a 8-bit I/O port. This port has an data direction register and each pin can be programmed for in- 
put or output This pprt is in input mode when reset. These pins also function as RxD, TxD, CLK, CTS/RTS 
pinsfor UARTOand UART1. 
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BASIC FUNCTION BLOCKS 

The M37732S4FP contains the following devices on a sing- 
le chip: RAM for storing instructions and data, CPU for pro- 
cessing, bus interface unit (which controls instruction pre- 
fetch and data read/write between CPU and memory), tim- 
ers, UART, A-D converter, and other peripheral devices 
such as I/O ports. Each of these devices are described 
below. 

MEMORY 

The memory map is shown in Figure 1. The address space 
is 16M bytes from addresses Oie to FFFFFFie. The address 
space is divided into 64K bytes units called banks. The 
banks are numbered from 0i6 to FFie- 
Built-in RAM and control registers for built-in peripheral de- 
vices are assigned to bank de. 



Addresses FFD616 to FFFF^e are the RESET and interrupt 
vector addresses and contain the interrupt vectors. Use 
ROM for memory of this address. Refer to the section on 
interrupts for details. 

The 2048 bytes area from addresses 8O16 to 87Fi6 contains 
the built-in RAM. In addition to storing data, the RAM is 
used as stack during a subroutine call, or interrupts. 
Assigned to addresses O16 to 7Fi6 are peripheral devices 
such as I/O ports, A-D converter, UART, timer, and inter- 
rupt control registers. 

A 256 bytes direct page arefa can be allocated anywhere in 
bank Oie using the direct page register DPR. In direct page 
addressing mode, the memory in the direct page area can 
be accessed with two words thus reducing program steps. 



f 00000O16 



Bank OirS 



Bank 1^6 



Bank FEie \ 



^ FEFFFF,6 
f FFOOOO16 



Bank FFig 



00FFFF,6 

010000,6 r~ " 



OIFFFF16 



f FEOOOO16 



U- 



i i : Internal 

lI im ' External 



OOOOOOie 
00007F,6 
000080,6 



n 



-i 



J 



-i 



00087Fie 



I 
I 
I 
I 
I 
I 
J. 



\ I 
\ I 
\ I 



Internal RAM 
2048 bytes 



00FFFF,6 



OOOOOO16 



00007Fi6 



Peripheral devices 
control registers 

/ see Fig. 2 for 
V further information 



OOFFD61 



J. 
T 

I 

I 



Interrupt vector table 
Vl ^'^ conversion ~| 
, UART1 transmission^] 

I UARTI^ receive , 

i_UARTO transmission , 
UARTO receive 



/ 



00FFD6,6 I 1 



Jimer_B2 

JimejlBI 

Jin2eLB0_ _ 

TiniierA4_ _ 

TimerA3 

"T'^J^e^^. 

_Timei^AO^ _ 

JNT^ ^_ 

INTi _ 

- _ IN To. __ _ 
Watchdog_timer 

_ Zdbc^ZI 

BRK instruction 
Zerodlvlde^ " 



\ i^ °^''i3'i.l I irbe: 



Fig. 1 Memory map 
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Address (Hexad ecimal notation) 
000000 



. Address (Hexadecimal notation) 



000001 
000002 
000003 
000004 

000005 
000006 
000007 
000008 
000009 
OOOQOA 
OOOOOB 
OOOOOC 
OOOOOD 
OOOOOE 
OOOOOF 
000010 
00001 1 
000012 
000013 
000014 
000015 
000016 
000017 
000018 
000019 
00001 A 
00001 B 
00001 C 
00001 D 
00001 E 
00001 F 
000020 
000021 
000022 
000023 
000024 
000025 
000026 
000027 
000028 
000029 
00002A 
00002B 
00002C 
00002D 
00002E 
00002F 
000030 
000031 
000032 
000033 
000034 
000035 
000036 
000037 
000038 
000039 
00003A 
00003B 
00003C 
00003D 
00003E 
00003F 



PortP4 



Port P5 



Port P4 data direction register 



Port P5 data direction register 



Port P6 



Port P7 



Port P6 data direction register 



Port P7 data direction register 



Port P8 



Port P8 data direction register 



A-D control register 



A-D sweep pin selection register 



A-D register 



A-D register 1 



A-D register 2 



A-D register 3 



A-D register 4 



A-D register 5 



A-D register 6 



A-D register 7 



UARTO transmit/receive modevreglster 



UART bit rate generator 



UART transmission buffer register 



UARTO transmit/receive control register 



UART transmit/receive control register 1 



UART receive buffer register 



UART 1 transmit/receive mode register 



UART 1 bit rate generator 



UART 1 transmission buffer register 



UART 1 transmit/receive control register 



UART 1 transmit/receive control register 1 



UART 1 receive buffer register 



000040 

000041 

000042 

000043 

000044 

000045 

000046 

000047 

000048 

000049 

00004A 

00004B 

00004C 

00004D 

00004E 

00004F 

000050 

000051 

000052 

000053 

000054 

000055 

000056 

000057 

000058 

000059 

00005A 

00005 B 

00005C 

00005D 

00005E 

00005F 

000060 

000061 

000062 

000063 

000064 

000065 

000066 

000067 

000068 

000069 

00006A 

00006B 

00006C 

00006D 

00006E 

00006F 

000070 

000071 

000072 

000073 

000074 

000075 

000076 

000077 

000078 

000079 

00007A 

00007 B 

00007C 

00007 D 

00007 E 

00007F 



Count start flag 



One shot start flag 



Up-dov\/n flag 



Timer AO 



Timer A2 



Timer A3 



Timer BO 



Timer B1 



Timer B2 



Timer AO mode register 



Timer A1 mode register 



Timer A2 mode register 



Timer A3 mode register 



Timer A4 mode register 



Timer BO mode register 



Timer B1 mode register 



Timer B2 mode register 



Processor mode register 



Watchdog timer 



Watchdog timer frequency selection flag 
Waveform output mode register 



Pulse output data register 1 



Pulse output data register 



A-D conversion interrupt control register 
UARTO transmission interrupt control register 
UARTO receive interrupt control register 



UART1 transmission Interrupt control register 
UART1 receive interrupt control register 
Timer AO Interrupt control register 



Timer A1 interrupt control register 



Timer A2 interrupt control register 



Timer A3 interrupt control register 



Timer A4 interrupt control register 



Timer BO interrupt control register 



Timer B1 interrupt control register 



Timer B2 interrupt control register 



inTq interrupt control register 



iNTi Interrupt control register 



INT2 interrupt control reglter 



Fig. 2. Location of peripheral devices and interrupt control registers 
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CENTRAL PROCESSING UNIT (CPU) 

The CPU has ten registers and is shown in Figure 3. Each 
of these registers is described below. 

ACCUMULATOR A (A) 

Accumulator A is the main register of the microcomputer. It 
consists of 16 bits and the lower 8 bits can be used separ- 
ately. The data length flag m determines whether the regis- 
ter is used as 16-bit register or as 8-bit register. It is used 
as a 16-bit register when flag m is "0" and as an 8-bit reg- 
ister when flag m is "1". Flag m is a part of the processor 
status register (PS) which is described later. 
Data operations such as calculations, data transfer, input/ 
output, etc., is executed mainly through the accumulator. 

ACCUMULATOR B (B) 

Accumulator B has the same functions as accumulator A, 
but the use of accumulator B requires more instruction 
bytes and execution cycles than accumulator A. 

INDEX REGISTER X (X) 

Index register X consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x is 
"0" and as an 8-bit register when flag x is "1". Flag x is a 
part of the processor status register (PS) which is de- 
scribed later. 



In index addressing mode, register X is used as the index 
register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the contents of index register X indicates the low- 
order 16 bits of the source data address. The third byte of 
the MVP and MVN is the high-order 8 bits of the source 
data address. 

INDEX REGISTER Y (Y) 

Index register Y consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x "0" 
and as an 8-bit register when flag x is "1". Flag x is a part 
of the processor status register (PS) which is described 
later. 

In index addressing mode, register Y is used as the index 
register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the content of index register Y indicates the low- 
order 16 bits of the destination address. The second byte of 
the MVP and MVN is the high-order 8 bits of the destina- 
tion data address. 
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Fig. 3 Register structure 
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STACK POINTER (S) 

stack pointer (S) is an 16-bit register. It is used during a 
subroutine call or interrupts. It is also used during stack, 
stack pointer relative, or stack pointer relative indirect in- 
dexed Y addressing mode. 

PROGRAM COUNTER (PC) 

Program counter (PC) is a 16-bit counter tiiat Indicates the 
low-order 16 bits of the next program memory address to 
be executed. These is a bus interface unit between the 
program memory and the CPU, so that the pirogram mem- 
ory is accessed through bus interface unit. This is de- 
scribed later. 

PROGRAM BANK REGISTER (PG) 

Program bank register is an 8-bit register that indicates the 
high-order 8 bits of the next program memory address to 
be executed. When a carry occurs by incrementing the 
contents of the program counter, the cotents of the program 
bank register (PG) Is incremented by 1. Also, when a carry 
or borrow occurs after adding or subtracting the offset 
value to or from the contents of the program counter (PC) 
using branch instruction, the contents of the program bank 
register (PG) is incremented or decremented by 1 so that 
programs can be written without worrying about bank 
boundaries. 

DATA BANK REGISTER (DT) 

Data bank register (DT) is an 8-bit register. With some 
addressing modes, a part of the data bank register (DT) is 
used to specify a memory address. The contents of data 
bank register (DT) Is used as the high-order 8 bits of a 24- 
bit address. Addressing modes that use the data bank reg- 
ister (DT) are direct indirect, direct Indexed X indirect, 
direct indirect indexed Y, absolute, absolute bit, absolute 
indexed X, absolute indexed Y, absolute bit relative, and 
stack pointer relative indirect indexed Y. 

DIRECT PAGE REGISTER (DPR) 

Direct page register (DPR) is a 16-bit register. Its contents 
is used as the base address of a 256-byte direct page 
area. The direct page area is allocated in bank 0, but when 
the contents of DPR is FFOlie or greater, the direct page 
area spans across bank and bank 1. All direct addressing 
modes use the contents of the direct page register (DPR) 
to generate the data address. If the low-order 8 bits of the 
direct page register (DPR) is "OOie", the number of cycles 
required to generate an address Is minimized. Normally the 
low-order 8 bits of the direct page register (DPR) is set to 

"00i6". 



PROCESSOR STATUS REGISTER (PS) 

Processor status register (PS) Is an 11 -bit register. It con- 
sists of a flag to indicate the result of operation and CPU 
Interrupt levels. 

Branch operations can be performed by testing the flags C, 
Z, V, and N. 

The details of each processor status register bit are de- 
scribed below. 

1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the ALU after an arithmetic operation. This flag is also 
affected by shift and rotate instructions. This flag can be set 
and reset directly with the SEC and CLC instructions or 
with the SEP and CLP instructions. 

2. Zero flag (Z) 

This zero flag is set if the result of an arithmetic operation 
or data transfer is zero and reset if it is not. This flag can 
be set and reset directly with the SEP and CLP instructions. 

3. Interrupt disable flag ( I ) 

When the interrupt disable flag is set to "1", all interrupts 
except watchdog timer, DBC, and software interrupt are 
disabled. This flag is set to "1" automatically when there is 
an interrupt. It can be set and reset directly with the SEI 
and CLI instructions or SEP and CLP Instructions. 

4. Decimal mode flag (D) 

The decimal mode flag determines whether addition and 
subtraction are performed as binary or decimal. Binary 
arithmetic Is performed when this flag is "0". If it is "1", de- 
cimal arithmetic is performed with each word treated as 
two or four digit decimal. Arithmetic operation Is performed 
using four digits when the data length flag m is "0" and with 
two digits when it Is "1". (Decimal operation Is possible 
only with the ADC and SBC instructions.) This flag can be 
set and reset with the SEP and CLP instructions. 
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5. Index register length flag (x) 

The index register lengtli flag determines wlietlier index 
register X and index register Y are used as 16-blt registers 
or as 8-bit registers. The registers are used as 16-bit regis- 
ters when flag x is "0" and as 8-bit registers when it is "1". 
This flag can be set and reset with the SEP and CLP in- 
structions. 

6. Data length flag (m) 

The data length flag determines whether the data length is 
16-bit or 8-bit. The data length is 16-bit when flag m is "0" 
and 8-bit when it is "1". This flag can be set and reset with 
the SEM and CLM instructions or with the SEP and CLP in- 
structions. 

7. Overflow flag (V) 

The overflow flag has meaning when addition or subtraction 
is performed a word as signed binary number. When the 
data length flag m is "0", the overflow flag is set when the 
result of addition or subtraction is outside the range be- 
tween — 32768 and +32767. When the data length flag m 
Is "1", the overflow flag is set when the result of addition or 
subtraction is outside the range between —128 and +127. 
It is reset in all other cases. The overflow flag can also be 
set and reset directly with the SEP, and CLV or CLP in- 
structions. 

8. Negative flag (N) 

The negative flag is set when the result of arithmetic op- 
eration or data transfer is negative (If data length flag m is 
"0", when data bit 15 is "1". If data length flag m is "1", 
when data bit 7 is "1".) It is reset in all other cases. It can 
also be set and reset with the SEP and CLP instructions. 



9. Processor interrupt priority level (IPL) 

The processor interrupt priority level (IPL) consists of 3 bits 
and determines the priority of processor interrupts from 
level to level 7. Interrupt is enabled when the interrupt 
priority of the device requesting interrupt (set using the in- 
terrupt control register) is higher than the processor inter- 
rupt priority. When interrupt is enabled, the current proces- 
sor interrupt priority level is saved in a stack and the pro- 
cessor interrupt priority level is replaced by the interrupt 
priority level of the device requesting the interrupt. Refer to 
the section on interrupts for more details. 



BUS INTERFACE UNIT 

The CPU operates on an internal clock frequency which is 
obtained by dividing the external clock frequency f(X|^,) by 
two. This frequency is twice the bus cycle frequency. In 
order to speed-up processing, a bus interface unit is used 
to pre-fetch instructions when the data bus is idle. The bus 
interface unit synchronizes the CPU and the bus and pre- 
fetches instructions. Figure 4 shows the relationship be- 
tween the CPU and the bus interface unit. The bus inter- 
face unit has a program address register, a 3-byte instruc- 
tion queue buffer, a data address register, and a 2-byte 
data buffer. 

The bus interface unit obtains an instruction code from 
memory and stores it in the instruction queue buffer, 
obtains data from memory and stores it In the data buffer, 
or writes the data from the data buffer to the memory. 
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Fig. 4 Relationship between the CPU and the bus interface unit 
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The bus interface unit operates using one of tine waveforms 
(T) to (6) shown in Figure 5. The standard waveforms are 
(l)and(2). 

The ALE signal is used to latch only the address signal 
from the multiplexed signal containing data and address. 
The E signal becomes "L" when the bus interface unit 
reads an instruction code or data from memory or when it 
writes data to memory. Whether to perform read or write is 
controlled by the R/W signal. Read is performed when the 
R/W signal is "H" state and write is performed when it is 
"L" state. 

Waveform (1) in Figure 5 is used to access a single byte or 
two bytes simultaneously. To read or write two bytes simul- 
taneously, the first address accessed must be even. Furth- 
ermore, when accessing an external memory area, set the 
bus width selection input pin BYTE to "L". (external data 
bus width to 16 bits) The internal memory area is always 
treated as 16-bit bus width regardless of BYTE. 
When performing 16-bit data read or write, if the conditions 
for simultaneously accessing two bytes are not satisfied, 
waveform (2) is used to access each byte one by one. 
However, when prefetching the instruction code, if the 
address of the instruction code is odd, waveform (1) is 
used, and only one byte is read in the instruction queue 
buffer. 

The signals Aq and BHE in Figure 5 are used to control 
these cases: 1-byte read from even address, 1-byte read 
from odd address, 2-byte simultaneous read from even and 
odd addresses, 1-byte write to even address, 1-byte write 
to odd address, or 2-byte simultaneous write to even and 
odd addresses. The Aq signal that is the address bit is 
"L" when an even number address is accessed. The BHE 
signal becomes "L" when an odd number address is 
accessed. 

The bit 2 of processor mode register (address SEie) is the 
wait bit. When this bit is set to "0", the "L" width of E signal 
is 2 times as long when accessing an external memory 
area. However, the "L" width of E signal is not extended 
when an internal memory area is accessed. When the wait 
bit is "1", the "L" width of E signal is not extended for any 
access. Waveform (3) is an expansion of the "L" width of E 
signal in waveform (1). Waveform (4), (5), and (6) are ex- 
pansion of each "L" width of E signal in waveform (2), first 
half of waveform (2), and the last half of waveform (2) re- 
spectively. 
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Instruction code read, data read, and data write are de- 
scribed below. 

Instruction code read will be described first. 
The CPU obtains instruction codes from the instruction 
queue buffer and executes them. The CPU notifies the bus 
interface unit that it is requesting an instruction code during 
an instruction code request cycle. If the requested instruc- 
tion code is not yet stored in the instruction queue buffer, 
the bus interface unit halts the CPU until it can store more 
instructions than requested in the instruction queue buffer. 
Even if there is no instruction code request from the CPU, 
the bus interface unit reads instruction codes from memory 
and stores them in the instruction queue buffer when the 
instruction queue buffer is empty or when only one instruc- 
tion code is stored and the bus is idle on the next cycle. 
This is referred to as instruction pre-fetching. 
Normally, when reading an instruction code from memory, if 
the accessed address is even the next odd address is read 
together with the instruction code and stored in the instruc- 
tion queue buffer. 

However, if the bus width switching pin BYTE is "H", exter- 
nal data bus width is 8 bits and the address to be read is in 
external memory area is odd, only one byte is read and 
stored in the instruction queue buffer. Therefore, waveform 
(1 ) or (3) in Figure 5 is used for instruction code read. 
Data read and write are described below. 
The CPU notifies the bus interface unit when performing 
data read or write. At this time, the bus interface unit halts 
the CPU if the bus interface unit is already using the bus or 
if there is a request with higher priority. When data read or 
write is enabled, the bus interface unit uses one of the 
waveforms from (1 ) to (6) in Figure 5 to perform the opera- 
tion. 

During data read, the CPU waits until the entire data is 
stored in the data buffer. The bus interface unit sends the 
address received from the CPU to the address bus. Then it 
reads the memory when the E signal is "L" and stores the 
result in the data buffer. 

During data write, the CPU writes the data in the data buf- 
fer and the bus interface unit writes it to meniory. There- 
fore, the CPU can proceed to the next step without waiting 
for write to complete. The bus interface unit sends the 
address received from the CPU to the address bus. Then 
when the E signal is "L", the bus interface unit sends the 
data in the data buffer to the data bus and writes it to 
memory. 
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INTERRUPTS 

Table 1 shows the interrupt types and the corresponding 
interrupt vector addresses. Reset is also treated as a type 
of interrupt and is discussed in this section, too. 
DEC is an Interrupt used during debugging. 
Interrupts other than reset, DBG, watchdog tinner, zero di- 
vide, and BRK instruction all have interrupt control regis- 
ters. Table 2 shows the addresses of the interrupt control 
registers and Figure 6 shows the bit configuration of the in- 
terrupt control register. 

The interrupt request bit is automatically cleared by the 
hardware during reset or when processing an interrupt. 
Also, interrupt request bits other than DEC and watchdog 
timer can be cleared by software. 

INT2 to INTo are external interrupts and whether to cause 
an interrupt at the input level (level sense) or at the edge 
(edge sense) can be selected with the level sense/edge 
sense selection bit. Furthermore, the polarity of the inter- 
rupt input can be selected with polarity selection bit. 
Timer and DART interrupts are described in the respective 
section. 

The priority of interrupts when multiple interrupts are 
caused simultaneously is partially fixed by hardware, but, it 
can also be adjusted by software as shown in Figure 7. The 
hardware priority is fixed the following: 
reset > DBC > watchdog timer > other interrupts 



Table 1. Interrupt types and the Interrupt vector 
addresses 



Interrupts 


Vector addresses 


A-D conversion 


OOFFD616 00FFD7i6 


UART1 transmit 


OOFFD816 00FFD9i6 


UART1 receive 


OOFFDA16 OOFFDB16 


UARTO transmit 


OOFFDC16 OOFFDD16 


UARTO receive 


OOFFDE16 OOFFDF16 


Timer B2 


OOFFEO16 OOFFEI16 


Timer B1 


00FFE2i6 00FFE3i6 


Timer BO 


00FFE4i6 00FFE5i6 


Timer A4 


OOFFE616 00FFE7i6 


Timer A3 


OOFFE816 00FFE9i6 


Timer A2 


OOFFEA16 OOFFEB16 


Timer A1 


OOFFEC16 OOFFED16 


Timer AO 


OOFFEE16 OOFFEF16 


INT2 external interrupt 


OOFFFO16 OOFFFI16 


INT1 external interrupt 


00FFF2i6 . OOFFFSie 


INTo external interrupt 


00FFF4i6 00FFF5i6 


Watchdog timer 


OOFFF616 00FFF7i6 


DBC (unusable) 


OOFFF816 00FFF9i6 


Break instruction 


OOFFFA16 OOFFFB16 


Zero divide 


OOFFFC16 OOFFFD16 


Reset 


OOFFFE16 OOFFFF16 



7 6 5 4 3 2 10 



IX K Px ^ 



Interrupt priority 

Interrupt request bit 

: No interrupt 

1 : Interrupt 



Interrupt control register configuration for A-D converter, UARTO, UART1, timer AO to timer A4, and timer BO to timer B2 
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: Set interrupt request bit at "H" level for level sense and wlien changing from "H" to "L" 

level for edge sense. 

1 '. Set interrupt request bit at "L" level for level sense and when changing from "L" to "H" 

level for edge sense. 
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Interrupt control register configuration for INT2~INTo. 



Fig. 6 interrupt controi register configuration 
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Table 2. Addresses of interrupt control registers 



Interrupt control registers 


Addresses 


A-D conversion interrupt control register 


OOOO7O16 


UARTO transmit interrupt control register 


000071 16 


UARTO receive interrupt control register 


000072i6 


UART1 transmit interrupt control register 


000073i6 


UART1 receive interrupt control register 


00007416 


Timer AO interrupt control register 


000075i6 


Timer A1 interrupt control register 


000076i6 


Timer A2 interrupt control register 


000077i6 


Timer A3 interrupt control register 


000078i6 


Timer A4 interrupt control register 


000079i6 


Timer BO interrupt control register 


00007Ai6 


Timer B1 interrupt control register 


00007Bi6 


Timer 82 interrupt control register 


00007Ci6 


INTo interrupt control register 


00007Di6 


INT1 interrupt control register 


00007Ei6 


INT2 interrupt control register 


00007Fi6 



Interrupts caused by a BRK instruction and wlien dividing 
by zero are software interrupts and are not included in this 
list. 

Other interrupts previously mentioned are A-D converter, 
DART, Timer, INT interrupts. The priority of these interrupts 
can be changed by changing the priority level in the cor- 
responding interrupt control register by software. 
Figure 8 shows a diagram of the interrupt priority resolution 
circuit. When an interrupt is caused, the each interrupt de- 
vice compares its own priority with the priority from above 
and if its own priority is higher, then It sends the priority be- 
low and requests the interrupt. If the priorities are the 
same, the one above has priority. 

This comparison is repeated to select the interrupt with the 
highest priority among the interrupts that are being re- 
quested. Finally the selected interrupt is compared with the 
processor interrupt priority level (IPL) contained in the pro- 
cessor status register (PS) and the request is accepted if it 
is higher than IPL and the interrupt disable flaQ I is "0". The 
request is not accepted if flag I is "1". The reset, DBC, and 
watchdog timer interrupts are not affected by the interrupt 
disable flag I. 

When an interrupt is accepted, the contents of the proces- 
sor status register (PS) is saved to the stack and the inter- 
rupt disable flag I is set to "1". 

Furthermore, the Interrupt request bit of the accepted inter- 
rupt is cleared to "0" and the processor interrupt priority 
level (IPL) in the processor status register (PS) is replaced 
by the priority level of the accepted interrupt. 
Therefore, multi-level priority interrupts are possible by re- 
setting the interrupt disable flag I to "0" and enable further 
interrupts. 

For reset, DBC, watchdog timer, zero divide, and BRK in- 
struction interrupts, which do not have an interrupt control 
register, the processor interrupt level (IPL) is set as shown 
in Table 3. 



Priority resolution is performed by latching the interrupt re- 
quest bit and interrupt priority level so that they do not 
change. They are sampled at the first half and latched at 
the last half of the operation code fetch cycle. 
Because priority resolution takes some time, no sampling 
pulse is generated for a certain interval even if it is the next 
operation code fetch cycle. 
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Fig. 7 Interrupt priority 
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Fig. 8 Interrupt priority resoiution 
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As shown in Figure 9, there are three different interrupt 
priority resolution time from which one is selected by soft- 
ware. After the selected time has elapsed, the highest 
priority is determined and is processed after the currently 
executing instruction has been completed. 
The time is selected with bits 4 and 5 of the processor 
mode register (address SEie) shown in Figure 10. Table 4 
shows the relationship between these bits and the number 
of cycles. After a reset, the processor mode register is in- 
itialized to "OOie" and therefore, the longest time is 
selected. 
However, the shortest time may be selected by software. 



Table 3. Value set in processor interrupt level (IPL) 
during an Interrupt 



Interrupt types 


Setting value 


Reset 





DBG 


7 


Watchdog timer 


7 


Zero divide 


Not change value of IPL. 


BRK instruction 


Not change value of IPL 



Table 4. Relationship between priority level evaluation 
time selection bit and number of cycles 



Priority level resolution time selection bit 


Number of cycles 


Bits 


Bit 4 
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Fig. 9 Interrupt priority resolution time 
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Fig. 10 Processor mode register configuration 
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TIMER 

There are eight 16-bit timers. They are divided by type into 
timer A(5) and timer B(3). 

The timer I/O pins are shared with I/O pins for port P5 and 
P6. To use these pins as timer input pins, the data direction 
register bit corresponding to the pin must be cleared to "0" 
to specify input mode. 

TIMER A 

Figure 11 shows a block diagram of timer A. 
Timer A has four modes; timer mode, event counter mode, 
one-shot pulse mode, and pulse width modulation mode. 
The mode is selected with bits and 1 of the timer Ai 
mode register (i = to 4). Each of these modes is de- 
scribed below. 



(1) Timer mode [00] 

Figure 12 shows the bit configuration of the timer Ai mode 
register during timer mode. Bits 0, 1, and 5 of the timer Ai 
mode register must always be "0" in timer mode. 
Bit 3 is ignored if bit 4 is "0". 

Bits 6 and 7 are used to select the timer counter source. 
The counting of the selected clock starts when the count 
start flag is "1" and stops when it is "0". 
Figure 13 shows the bit configuration of the count start flag. 
The counter is decremented, an interrupt is caused and the 
interrupt request bit in the timer Ai interrupt control register 
is set when the contents becomes OOOOie- At the same 
time, the contents of the reload register is transferred to the 
counter and count is continued. 
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luii; \ 



Event counter 



Counter(16) 



Count start flag 



External trigger 



(40i6) 

Down count 



Up-down flag 



Up/ Down 
Always decremented 
except in event count mode 



(44i6) 



O 



Pulse output 



TAiouT 

(i=0~4) 



^ 



Toggle flip-flop 



Addresses 
TimerAO 47i6 46i6 
TimerAI 49i6 48i6 
TimerA2 46,6 4Ai6 
TimerA3 4Di6 4Ci6 
TimerA4 4Fi6 ^^^6 



Fig. 11 Block diagram of timer A 



MITSUBISHI 
L ELECTRIC 



2-251 



MITSUBISHI MICROCOMPUTERS 

IVI37732S4FP,IVI37732S4AFP 
IVI37732S4BFP 

16-BIT CMOS MICROCOMPUTER 



When bit 2 of the timer Ai mode register is "1", the output 
Is generated from TAiour pin. The output is toggled each 
time the contents of the counter reaches to OOOOie- When 
the contents of the count start flag Is "0", "L" Is output from 
TAiouT pin. 

When bit 2 is "0", TAIqut can be used as a normal port pin. 
When bit 4 is "0", TAIin can be used as a normal port pin. 
When bit 4 is "1", counting is performed only while the in- 
put signal from the TAiiN pin is "H" or "L" as shown in Fi- 
gure 14. Therefore, this can be used to measure the pulse 
width of the TAIin input signal. Whether to count while the 
Input signal is "H" or while it is "L" is determined by bit 3. If 
bit 3 is "1", counting is performed while the TAIin pin input 



signal is "H" and If bit 3 is "0", counting is performed while 

it is "L". 

Note that the duration of "H" or "L" on the TAIin pin must be 

two or more cycles of the timer count source. 

When data is written to timer Ai register with timer Ai 

halted, the same data is also written to the reload register 

and the counter. When data is written to timer Ai which is 

busy, the data is written to the reload register, but not to 

the counter. The counter is reloaded with new data from 

the reload register at the next reload time. The contents of 

the counter can be read at any time. 

When the value set in the timer Ai register Is n, the timer 

frequency dividing ratio is 1/(n +1). 
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Addresses 
Timer AO mode register 56i6 

Timer A1 mode register 57i6 

Timer A2 mode register 58i6 

Timer A3 mode register 59i6 

Timer A4 mode register 5Ai6 ^ 

















































: Always "00" in timer mode 












. No pulse output (TAIout is normal port pin) 

1 : Pulse output 

X : No gate function (TAIin is normal port pin) 

1 : Count only while TAIin input is "L" 
1 1 : Count only while TAi,N input is "H" 

: Always "0" in timer mode 








' 








: Select fa 

1 : Select fie 

1 : Select f64 

1 1 : Select f5i2 





Fig. 12 Timer Ai mode register bit configuration during timer mode 
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5 4 



1 



Count start flag 

(Stop at "0". Start at "1") 

Timer AO count start flag 
Tinner A1 count start flag 
Timer A2 count start flag 
Timer A3 count start flag 
Timer A4 count start flag 
Timer BO count start flag 
Timer B1 count start flag 
Timer B2 count start flag 



Address 

40i6 



Fig. 13 Count start flag bit configuration 



Selected clock source fj 
TAi.N 

Timer mode register 
Bit 4 Bit 3 








1 




Timer mode register 
Bit 4 Bit 3 


1 1 







Fig. 14 Count waveform wlien gate function is avaiiabie 
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(2) Event counter mode [01] 

Figure 15 shows the bit configuration of the timer Ai mode 
register during event counter mode. In event counter mode, 
the bit of the timer AI mode register must be "1" and bit 1 
and 5 must be "0". 

The Input signal from the TAIin pin Is counted when the 
count start flag shown In Figure 13 Is "1" and counting Is 
stopped when It is "0". 

Count is performed at the fall of the input signal when bit 3 
is "0" and at the rise of the signal when it is "1". 
In event counter mode, whether to increment or decrement 
the count can be selected with the up-down flag or the In- 
put signal from the TAIqut pin. 

When bit 4 of the timer AI mode register is "0", the up- 
down flag Is used to determine whether to Increment or de- 
crement the count (decrement when the flag is "0" and in- 
crement when It is "1"). Figure 16 shows the bit configura- 
tion of the up-down flag. 

When bit 4 of the timer AI mode register is "1", the input 
signal from the TAIqut pin is used to determine whether to 
Increment or decrement the count. However, note that bit 2 
must be "0" if bit 4 Is "1" because If bit 2 is "1", TAIqut pin 
becomes an output pin with pulse output. 
The count Is decremented when the input signal from the 
TAIqut pin is "L" and Incremented when It Is "H". Deter- 
mine the level of the input signal from the TAIqut pin be- 
fore valid edge is input to the TAIin pIn. 
An interrupt request signal is generated and the interrupt 
request bit In the timer Ai interrupt control register is set 
when the counter reaches OOOOie (decrement count) or 
FFFF16 (increment count). At the same time, the contents 
of the reload register is transferred to the counter and the 
count Is continued. 

When bit 2 is "1" and the counter reaches OOOOie 
(decrement count) or FFFF16 (Increment count), the wave- 
form reversing polarity is output from TAIqut pin. 
If bit 2 is "0", TAIqut pin can be used as a normal port pin. 
However, if bit 4 Is "1" and the TAIqut pin Is used as an 
output pin, the output from the pin changes the count direc- 
tion. Therefore, bit 4 should be "0" unless the output from 
the TAIqut pIn is to be used to select the count direction. 
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Addresses 
Timer AO mode register 56i6 

Timer A1 mode register 57i6 

Timer A2 mode register 58i6 

Timer A3 mode register 59i6 

Timer A4 mode register 5Ai6 

•' Always "01" in event counter mode 



— : No pulse output 
1 '. Pulse output 

"~ : Count at the falling edge of input signal 
1 : Count at the rising edge of input signal 

— ■. Increment or decrement according 

to up/down flag 
1 : Increment or decrement according 
to TAiouT pin input signal level 

— .■ Always "0" in event counter mode 

— XX : Not used in event counter mode 



Fig. 15 Timer Ai mode register bit configuration 
during event counter mode 
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Address 

44i6 
Up-down flag 

—Timer AO up-down flag 

—Timer A1 up-down flag 

-Timer A2 up-down flag 

-Timer A3 up-down flag 

-Timer A4 up-down flag 

-Timer A2 two-phase pulse signal 
processing selection bit 

; Two-phase pulse signal processing 

disabled 

1 ; Two-phase pulse signal processing 

mode 

-Timer A3 two-phase pulse signal 
processing selection bit 

.' Two-phase pulse signal processing 

disabled 

1 '. Two-phase pulse signal processing 

mode 



-Timer A4 two-phase pulse signal 
processing selection bit 

: Two-phase pulse signal processing 

disabled 

1 : Two-phase pulse signal processing 

mode 



Fig. 16 Up-down flag bit configuration 
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Data write and data read are performed in the same way as 
for timer mode. That is, when data is written to timer Ai 
halted, it is also written to the reload register and the coun- 
ter. When data is written to timer Ai which is busy, the data 
is written to the reload register, but not to the counter. The 
counter is reloaded with new data from the reload register 
at the next reload time. The counter can be read at any 
time. 

In event counter mode, whether to increment or decrement 
the counter can also be determined by supplying two- 
phase pulse input with phase shifted by 90° to timer A2, A3, 
or A4. There are two types of two-phase pulse processing 
operations. One uses timers A2 and A3, and the other uses 
timer A4. In either processing operation, two-phase pulse is 
input in the same way, that is, pulses out of phase by 90° 
are input at the TAJout (j=2 to 4) pin and TAJin pin. 
When timers A2 and A3 are used, as shown in Figure 17, 
the count is incremented when a rising edge is input to the 
TAkiN pin after the level of TAkoux (k=2, 3) pin changes 
from "L" to "H", and when the falling edge is inserted, the 
count is decremented. 

For timer A4, as shown in Figure 18, when a phase related 
pulse with a rising edge input to the TA4in pin is input after 
the level of TA4out pin changes from "L" to "H", the count 
is incremented at the respective rising edge and falling 
edge of the TA4out pin and TA4in pin. 
When a phase related pulse with a falling edge input to the 
TA4ouT pin is input after the level of TA4|n pin changes 
from "H" to "L", the count Is decremented at the respective 
rising edge and falling edge of the TA4in pin and TA4out 
pin. When performing this two-phase pulse signal proces- 



sing, timer Aj mode register bit and bit 4 must be set to 
"1" and bits 1, 2, 3, and 5 must be "0". Bits 6 and 7 are 
ignored. Note that bits 5, 6, and 7 of the up-down flag reg- 
ister (44i6) are the two-phase pulse signal processing 
selection bit for timer A2, A3, and A4 respectively. Each 
timer operates in normal event counter mode when the cor- 
responding bit is "0" and performs two-phase pulse signal 
processing when it is "1". 

Count is started by setting the count start flag to "1". Data 
write and read are performed in the same way as for nor- 
mal event counter mode. Note that the direction register of 
the input port must be set to input mode because two- 
phase pulse signal is input. Also, there can be no pulse 
output in this mode. 
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Addresses 
Timer A2 mode register 58i6 

Timer A3 mode register 59i6 

Timer A4 mode register 5Ai6 

-01: Always "01" in event counter mode 

1 : Always "0100" when processing 
two-phase pulse signal 

- XX : Not used in event counter mode 



Fig. 19 Timer Aj mode register bit configuration when 
performing two-phase pulse signal processing 
in event counter mode 



TAkouT 

TAk,N 
(k=2, 3) 


































— 






















1— 


Up-coun 


t 




1 
Up- 


\ 

CO 


jnt 




i 
Jp- 


count 


Do 


wn 


-co 


unt 


DC 


)wn 


-co 


unt 


Down-count 



Fig. 17 Two-phase puise processing operation of timer A2 and timer A3 
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Fig. 18 Two-phase pulse processing operation of timer A4 
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(3) One-shot pulse mode [10] 

Figure 20 shows the bit configuration of the timer Ai mode 
register during one-shot pulse mode. In one-shot pulse 
mode, bit and bit 5 must be "0" and bit 1 and bit 2 must 
be"1". 

The trigger is enabled when the count start flag is "1". The 
trigger can be generated by software or it can be input 
from the TAiiN pin. Software trigger is selected when bit 4 
is "0" and the input signal from the TAiiN pin is used as the 
trigger when It is "1". 

Bit 3 is used to determine whether to trigger at the fall of 
the trigger signal or at the rise. The trigger is at the fall of 
the trigger signal when bit 3 Is "0" and at the rise of the 
trigger signal when it Is "1". 

Software trigger is generated by setting the bit in the one- 
shot start flag corresponding to each timer. 
Figure 21 shows the bit configuration of the one-shot start 
flag. 

As shown in Figure 22, when a trigger signal is received, 
the counter counts the clock selected by bits 6 and 7. 
If the contents of the counter is not OOOOie, the TAIqut pin 
goes "H" when a trigger signal is received. The count 
direction is decrement. 

When the counter reaches 0001 16, The TAIqut pin goes "L" 
and count is stopped. The contents of the reload register is 
transferred to the counter. At the same time, an interrupt 
request signal is generated and the interrupt request bit in 
the timer Ai interrupt control register is set. This is repe- 
ated each time a trigger signal Is received. The output 
pulse width is 

1 

pulse frequency of the selected clock 

X( counter's value at the time of trigger). 
If the count start flag is "0", TAIqut goes "L". Therefore, the 
value corresponding to the desired pulse width must be 
written to timer Ai before setting the timer Ai count start 
flag. 

As shown in Figure 23, a trigger signal can be received be- 
fore the operation for the previous trigger signal is com- 
pleted. In this case, the contents of the reload register is 
transferred to the counter by the trigger and then that value 
Is decremented. 

Except when retrlggering while operating, the contents of 
the reload register Is not transferred to the counter by trig- 
gering. 

When retrlggering, there must be at least one timer count 
source cycle before a new trigger can be issued. 
Data write Is performed to the same way as for timer mode. 
When data is written in timer Ai halted, it is also written to 
the reload register and the counter. 

When data is written to timer Ai which is busy, the data is 
written to the reload register, but not to the counter. The 
counter Is reloaded with new data from the reload register 
at the next reload time. 
Undefined data is read when timer Ai is read. 
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Addresses- 
Timer AO mode register 56i6 

Timer AI mode register 57i6 

Timer A2 mode register 58i6 

Timer A3 mode register 59i6 

Timer A4 mode register 5Ai6 / 



10: Always "10" in one-shot pulse mode 



— 1 : Always "1" in one-shot pulse mode 



X : Software trigger 

1 : Trigger at the falling edge of TAii^ 

input 

11: Trigger at the rising edge of TAiiN 
input 

: Always "0" in one-shot pulse mode 



Clock source selection 
: Select fs 

1 : Select fie 
10: Select f64 

1 1 : Select f5,2 



Fig. 20 Timer AI mode register bit configuration during 
one-shot pulse mode 
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One-shot start flag 

Timer AO one-shot start flag 
Timer A1 one-shot start flag 
Timer A2 one-shot start flag 
Timer A3 one-shot start flag 
Timer A4 one-shot start flag 



Address 

42,6 



Fig. 21 One-shot start flag bit configuration 
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Selected clock 
source f; 



TAi,N 

(in case of the 
rising edge) 



r^^Jinniif^^^jir^i^umj 



n 



TAIouT 



Example when the contents of the reload register is 0003ie 



Fig. 22 Pulse output example when external rising edge Is selected 



Selected clock 
source fi 



TAi,N 

(in case of the 
rising edge) 

TAiouT 



rir^uirumjmr^m^^^ju^ 



n f 



Example when the contents of the reload register is 0004,6 



Fig. 23 Example when trigger is re-issued during pulse output 
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(4) Pulse width modulation mode [11] 

Figure 24 shows the bit configuration of the timer Ai mode 
register during puise width modulation mode. In pulse 
width modulation mode, bits 0, 1, and 2 must be set to "1". 
Bit 5 is used to determine whether to perform 16-bit length 
pulse width modulator or 8-bit length pulse width modula- 
tor. 16-bit length pulse width modulator is performed when 
bit 5 is "0" and 8-bit length pulse width modulator Is per- 
formed when it is "1". The 16-bit length pulse width mod- 
ulator is described first. 

The pulse width modulator can be started with a software 
trigger or with an input signal from a TAiiN pin (external 
trigger). 

The software trigger mode is selected when bit 4 is "0". 
Pulse width modulator is started and pulse Is output from 
TAiouT when the timer Ai start flag is set to "1". 
The external trigger mode is selected when bit 4 is "1". 
Pulse width modulator starts when a trigger signal is input 
from the TAIin pin when the timer Ai start flag is "1". 
Whether to trigger at the fall or rise of the trigger signal is 
determined by bit 3. The trigger is at the fall of the trigger 
signal when bit 3 is "0" and at the rise when it is "1". 
When data is written to timer Ai with the pulse width mod- 
ulator halted, it is written to the reload register and the 
counter. 

Then when the time Ai start flag is set to "1" and a software 
trigger or an external trigger is issued to start modulation, 
the waveform shown in Figure 25 is output continuously. 
Once modulation is started, triggers are not accepted. If 
the value in the reload register is m, the duration "H 
pulse is 

1 

selected clock frequency 
and the output pulse period is 
1 



of 



Xm 



X(2^^-1). 



selected clock frequency 
An interrupt request signal is generated and the interrupt 
request bit in the timer Ai interrupt control register is set at 
each fall of the output pulse. 

The width of the output pulse is changed by updating timer 
data. The update can be performed at any time. The output 
pulse width is changed at the rise of the pulse after data is 
written to the timer. 

The contents of the reload register are transferred to the 
counter just before the rise of the next pulse so that the 
pulse width is changed from the next output pulse. 
Undefined data is read when timer Ai is read. 
The 8-bit length pulse width modulator is described next. 
The 8-bit length pulse width modulator is selected when 
the timer Ai mode register bit 5 is "1". 
The reload register and the counter are both divided into 8- 
bit halves. 
The low order 8 bits function as a prescaler and the high 



order 8 bits function as the 8-bit length pulse width modula- 
tor. The prescaler counts the clock selected by bits 6 and 
7. A pulse is generated when the counter reaches OOOOie 
as shown in Figure 26. At the same time, the contents of 
the reload register is transferred to the counter and count is 
continued. 
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Addresses 
Timer AO mode register 56i6 

Timer A1 mode register 57i6 

Timer A2 mode register 58i6 

Timer A3 mode register 59i6 

Timer A4.mode register 5Ai6 . 



1 1 : Always "11" in pulse width modulation 
mode 

1 : Always "1" in pulse width modulation 
mode 

-OX.' Software trigger 

1 : Trigger at the falling of TAIin input 

1 1 .■ Trigger at the rising of TAIin input 

: 16 bit pulse width modulator 

1 : 8 bit pulse width modulator 

-Clock source selection bit 
: Select f2 

1 : Select fi6 

1 : Select f64 

1 1 : Select fsi 2 



Fig. 24 Timer Ai mode register bit configuration during 
pulse width modulation mode 
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Therefore, if the low order 8-bit of the reload register is n, 
the period of the generated pulse is 

I yy /- I ■< N 

selected clock frequency 
The high order 8-bit function as an 8-bit length pulse width 
modulator using this pulse as input. The operation is the 
same as for 16-bit length pulse width modulator except that 



the length is 8 bits. If the high order 8-bit of the reload reg- 
ister is m, the duration "H" of pulse is 
1 



selected clock frequency 
And the output pulse period is 

1 

selected clock frequency 



X(n+1)Xm. 



X(n+l)X(2«-1). 



Selected clock 
source f, 

TAiiN 

(in case of the 
rising edge) 

TAiouT 


1/fiX(2^^-1) 


».l 


1" 

1 — 1 1 — 1 1 — I — II — 1 1 — 1 1 — 1 1 — 1 r-T r 

1 1 1 
1 > 1 

u u M u u ^ u Lj . 

1 


1 

"■« 1 — 1 — 1 1 — 1 1 — II — II — II — 1 
1 
1 

L.J |_J u u u u u 


" I In 

1 p This trigger is not accepted 

1 1 
1 l/fiX(m) , 






Example when the contents of the reload register 


is 0003i6 



Fig. 25 16-bit length pulse width modulator output pulse example 



Selected clock 
source fj 

TAi4N 
(in case of the falling e 

Prescaler output 
(when n =2) 

8-bit length puis 
width nnodulator 
output 
(when m =2) 


1 1 
dge) V 1 1 


l/fjX(n+1)X(2«-l) 

nnnnnnnnnnp"" 
1 1 1 1 
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^ H 
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Fig. 26 8-blt length pulse width modulator output pulse example 
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TIMER B 

Figure 27 shows a block diagram of tinner B. 
Timer B has three modes; timer mode, event counter mode, 
and pulse period measurement/pulse width measurement 
mode. The mode Is selected with bits and 1 of the timer 
Bi mode register (i =0 to 2). Each of these modes Is de- 
scribed below. 

(1) Timer mode COOJ 

Figure 28 shows the bit configuration of the timer Bi mode 
register during timer mode. Bits 0, and 1 of the timer BI 
mode register must always be "0" in timer mode. 
Bits 6 and 7 are used to select the clock source. The 
counting of the selected clock starts when the count start 
flag "1" and stops when "0". 



As shown in Figure 13, the, timer Bi count start flag is at the 
same address as the tim^r Ai count start flag. The count is 
decremented, an interrupt occurs, and the interrupt request 
bit In the timer Bi Interrupt control register is set when the 
contents becomes OOOOie- At the same time, the contents of 
the reload register is stored in the counter and count is 
continued. 

Timer Bi does not have a pulse output function or a gate 
function like timer A. 

When data Is written to timer Bi halted, it is written to the 
reload register and the counter. When data is written to 
timer Bi which is busy, the data is written to the reload reg- 
ister, but not to the counter. The counter is reloaded with 
new data from the reload register at the next reload time. 
The contents of the counter can be read at any time. 



Data bus( odd) 



Data bus(even) 



Clock source selection 



f2 
fl6 
f64 

U^2 



• Timer 

• Pulse period measurement/pulse 
width measurement 

O 



(Lowers bits) 



<^Z- 



J 



(Higher 8 bits) 



Reload register(16) 




TBI.N r\ 

(i=0~2)^-^' 



Polarity selection 

and edge pulse 

generator 



Event counter 
O 



IZ. 



IZ. 



Counter(16) 



Count start flag 



(40i6) 



Counter reset 
circuit 



Addresses 
Timer BO 51i6 50,6 

Timer BI 53i6 52,6 

Timer B2 55i6 54i6 



Fig. 27 Timer B block diagram 
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(2) Event counter mode [01] 

Figure 29 shows the bit configuration of the timer Bi mode 

register during event counter mode. In event counter mode, 

the bit in the timer Bi mode register must be "1" and bit 1 

must be "0". 

The input signal from the TBIin pin is counted when the 

count start flag is "1" and counting is stopped when it is "0". 

Count is performed at the fall of the input signal when bits 

2, and 3 are "0" and at the rise of the input signal when bit 

3 is "0" and bit 2 is" 1". 

When bit 3 is "1" and bit 2 is "0", count is performed at the 

rise and fall of the input signal. 

Data write, data read and timer interrupt are performed in 

the same way as for timer mode. 

(3) Pulse period measurement/pulse width 
measurement mode [10] 

Figure 30 shows the bit configuration of the timer Bi mode 
register during pulse period measurement/pulse width 
measurement mode. 

In pulse period measurement/pulse width measurement 
mode, bit must be "0" and bit 1 must be "1". Bits 6 and 7 
are used to select the clock source. The selected clock is 
counted when the count start flag is "1" and counting stops 
when it is "0". 

The pulse period measurement mode is selected when bit 
3 is "0". In pulse period measurement mode, the selected 
clock is counted during the interval starting at the fall of the 
input signal from the TBIin pin to the next fall or at the rise 
of the input signal to the next rise and the result is stored in 
the reload register. In this case, the reload register acts as 
a buffer register. 

When bit 2 is "0", the clock is counted from the fall of the 
input signal to the next fall. When bit 2 is "1", the clock is 
counted from the rise of the input signal to the next rise. 
In the case of counting from the fall of the input signal to 
the next fall, counting is performed as follows. As shown in 
Figure 31, when the fall of the input signal from TBIin pin is 
detected, the contents of^the counter is transferred to the 
reload register. Next the counter is cleared and count is 
started from the next clock. When the fall of the next input 
signal is detected, the contents of the counter is transferred 
to the reload register once more, the counter is cleared, 
and the count is started. The period from the fall of the in- 
put signal to the next fall is measured in this way. 



7 6 5 4 3 2 1 

I I I CKIxIxloin 



Addresses 
Timer BO mode register 5Bi6 

Timer 81 mode register 5Ci6 

l,Timer 82 mode register 5Di6 

: Always "00" in timer mode 

- XX : Not used in timer mode and 
may be any 

-Timer Bi overflow flag 
-Clock source selection bit 
: Select fa 

1 : Select fie 

1 : Select f64 

1 1 : Select fgi 2 



Fig. 28 Timer BI mode register bit configuration during 
timer mode 
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Addresses 
Timer BO mode register SBig 

Timer 81 mode register 5Ci6 

Timer 82 mode register SDig ^ 

- 1 : Always "01" in event counter 

mode 
-go: Count at the falling edge of 
input signal 

1 : Count at the rising edge of 

input signal 

1 : Count at the both falling edge 

and rising edge of input signal 

- Timer Bi overflow flag 

- XX : Not used in event counter mode 



Fig. 29 Timer BI mode register bit configuration during 
event counter mode 
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Addresses 
'' Timer 80 mode register 58i6 

Timer 81 mode register 5Ci6 

^ Timer 82 mode register 5Di6 
-10'. Always "10" in pulse period 

measurement/pulse width 

measurement mode 
' : Count from the falling edge of 

input signal to the next falling one 

1 : Count from the rising edge of 

input signal to the next rising one 

1 '. Count from the falling edge of 

input signal to the next rising one 
and from the rising edge to the 
next falling one 

- Timer Bi overflow flag 

- Clock source selection bit 

: Select fg 

1 : Select fi6 

1 : Select f64 

1 1 : Select f 51 2 



Fig, 30 Timer Bi mode register bit configuration during 
pulse period measurement/pulse width 
measurement mode 
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After the contents of the counter is transferred to the reload 
register, an interrupt request signal is generated and the 
interrupt request bit in the timer Bi interrupt control register 
is set. However, no interrupt request signal is generated 
when the contents of the counter is transferred first time to 
the reload register after the count start flag is set to "1". 
When bit 3 is "1", the pulse width measurement mode is 
selected. Pulse width measurement mode is similar to 
pulse period measurement mode except that the clocl< is 
counted from the fall of the TBiiN pin input signal to the next 
rise or from the rise of the input signal to the next fall as 



shown In Figure 32. 

When timer Bi is read, the contents of the reload register is 
read. 

Note that in this mode, the interval between the fall of the 
TBi(N pin input signal to the next rise or from the rise to the 
next fall must be at least two cycles of the timer count 
source. 

Timer Bi overflow flag which is bit 5 of timer BI mode regis- 
ter is set to "1" when the timer Bi counter reaches OOOOie- 
This flag is cleared by writing to corresponding timer Bi 
mode register. This bit is set to "1" at reset. 
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Fig. 31 Pulse period measurement mode operation (example of measuring the interval between the falling edge to 
next falling one) 
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Fig. 32 Pulse width measurement mode operation 
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Pulse output port mode 

Figure 33 shows a block diagram for pulse output port 
mode. In the pulse output port mode, two pairs of four-bit 
pulse output ports are used. Whether using pulse output 
port or not can be selected by waveform output selection 
bit (bit 0, bit 1) of waveform output mode register (62i6 
address) shown in Figure 34. When bit of waveform out- 
put selection bit is set to "1", ports PSy, PSe, PSs and P54 
are used as pulse output ports (RTP1 selected), and when 
bit 1 of waveform output selection bit is set to "1", ports 
P53, P52, P5i, and P5o are used as pulse output ports 
(RTPO selected). When bits 1 and of waveform output 
selection bit are set to "1", ports PSy, PSe, PSs, and P54, and 
ports PSa, P52, P6i and P5o are used as pulse output ports 
(RTP1 and RTPO selected). 

The ports not used as pulse output ports can be used as 
normal parallel ports or timer input/ output. 
In the pulse output port mode, set timers A2 and AO to tim- 
er mode as timers A2 and AO are used. Figure 35 shows 
the bit configuration of timer AO, A2 mode registers in pulse 
output port mode. 
Data can be set in each bit of the pulse output data regis- 



ter corresponding to four ports selected as pulse output 
ports. Figure 36 shows the bit configuration of the pulse 
output data register. The contents of the pulse output data 
register 1 (low-order four bits of 64i6 address) correspond- 
ing to ports P57, PSe, PSs and P54 is output to the ports 
each time the counter of timer A2 becomes OOOOie- The 
contents of the pulse output data register (low-order four 
bits of 65i6 address) corresponding to ports PSs, P52, P5i, 
and P5o is output to the ports each time the counter of tim- 
er AO becomes OOOOie- 

When "0" is written to a specified bit of the pulse output 
data register, "L" level is output to the corresponding pulse 
output port when the counter of corresponding timer be- 
comes OOOO16, and when "1" is written, "H" level is output to 
the pulse output port. 

Pulse width modulation can be applied to each pulse out- 
put port. Since pulse width modulation involves the use of 
timers A3 and A1 , activate these timers in pulse width mod- 
ulation mode. When a certain bit of the pulse output regis- 
ter is "1", pulse width modulation is output from the pulse 
output port when the counter of the corresponding timer 
becomes OOOOie- 



Pulse width modulation selection bit 
(Bit 4, 5 of 62i6 address) 



Pulse 



width modulation output 
by timer A3 

width modulation output 
by timer A1 



-D>- 



-^ 



to- 



A. D2 



D11 



-\ D10 



Pulse output data 



o 



Pulse output data 
register 1 (64i6 address) 



register (6 5i6 address) 
Timer AO 



:=^D- 



:^D- 



:=^> 



i^D- 



:3> 



:3D- 



:3D- 



:^> 






-O P57 (RTPI3) 

-O P56(RTPl2) 
-O P55(RTP1i) 
-O P54(RTP1o) 



Polarity selection bit 
(Bit 3 of 62i 6 address) 



-O P53 (RTPO3) 

-O P52(RTP02) 
-O P5i (RTPO1) 
-O P5o(RTP0o) 



Fig. 33 Block diagram for pulse output port mode 
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Ports PSy, PSe, PSs and P54 are applied pulse width mod- 
ulation by timer A3 by setting the pulse width modulation 
selection bit by timer A3 (bit 5) of the waveform output 
mode register to" 1". 

Ports PSa, P52, P5i and P5o are applied pulse width mod- 
ulation by timer A1 by setting the pulse width modulation 
selection bit by timer A1 (bit 4) of the waveform output 
mode register to "1". 

The contents of the pulse output data register can be re- 
versed and output to pulse output ports PSa, P52, P5i and 
P5o by the polarity selection bit (bit 3) of the waveform out- 
put mode register. When the polarity selection bit is "0", 
the contents of the pulse output data register is output 
unchangeably, and when "1", the contents of the pulse out- 
put data register is reversed and output. When pulse 
width modulation is applied, likewise the polarity reverse to 
pulse width modulation can be selected by the polarity 
selection bit. 

Figure 37 shows example of waveforms in pulse output port 
mode. 



7 6 5 4 3 2 10 



^MTTO 



Address 
Weveform output mode register 62i6 
— Waveform output selection bit 
: Parallel port 

1 : RTP1 selected 

1 : RTPO selected 

1 1 : RTP1 and RTPO selected 



- Polarity selection bit 

: Positive polarity 

1 : Negative polarity 

~ Pulse width modulation selection bit 
by timer A1 

: Not modulated 

1 : Modulated 

- Pulse width modulation selection bit 
by timer A3 

: Not modulated 

1 : Modulated 



Fig. 34 Waveform output mode register bit configura- 
tion 



Address 



7 6 5 4 3 2 1 I'TimerAO mode register 56i6 
Llimer A2 mode register 58 



'16 1 
16 j 



-Always "100" in pulse output 
port mode 

- Not used in pulse output port mode 

- Always "00" in pulse output port mode 

- Clock source selection bit 

: Select fg 

1 : Select fi6 

1 : Select f64 

1 1 : Select fgia 



Fig. 35 Timer AO, A2 mode register bit configuration in 
pulse output port mode 
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7 6 5 4 3 2 10 
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Address 
Pulse output data register 1 64i6 

Pulse output data bit of port P54 
Pulse output data bit of port PSg 
Pulse output data bit of port PSe 
Pulse output data bit of port PS/ 

Address 
Pulse output data register 65i6 

Pulse output data bit of port P5o 

Pulse output data bit of port P5i 

Pulsfe output data bit of port PSa 

Pulse output data bit of port PSa 



Fig. 36 Pulse output data register bit configuration 
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Output signal at each time 

when tinaer A2 becomes OOOde n 



Example of pulse output port (ports P57~P54) 



JL_ n n fi n n_ 



Port PSr 



Port P55 



Port P54 



1_ 



Example of pulse output port (ports P57~P54) when pulse width modulation is applied by timer A3. 



Output signal at each time 

when timer A2 becomes OOOO16 f] 



J1 fl fl_ fl fL 



Port P57 



MilMMiUl 



inJUMMIL 



Port PSs 



Port P54 



MMMiUUl 



JUUUUUl^UL 



Example of pulse output port (ports P53~P5o) when pulse width modulation is applied 
by timer A1 with polarity selection bit="1". 



Output signal at each time 
when timer AO becomes OOOOk 



Jl fl fl fl fl fL 



Port P53 



Port P52 



Port P5i 



Port P5o 



UMMMU 



MlMJIMiU 

nMMRjmnj 



UlJlMlJlMr 



Fig. 37 Example of waveforms in pulse output port mode 
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SERIAL I/O PORTS 

Two independent serial I/O ports are provided. Figure 38 
shows a block diagram of the serial I/O ports. 
Bits 0, 1, and 2 of the UARTI (i =0, 1) Transmit/Receive 
mode register shown in Figure 39 are used to determine 
whether to use port P8 as parallel port, clock synchronous 
serial I/O port, or asynchronous (UART) serial I/O port us- 



ing start and stop bits. 

Figures 40 and 41 show the connections of receiver/transmitter 

according to the mode. 

Figure 42 shows the bit configuration of the UARTi transmit/ 

receive control register. 

Each communication method Is described below. 
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Clock synchronous 



C' 
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control 
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^^ 
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I (Internal clock) 



CLKi O- 
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L . (Internal Clock) (External dock) 
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Transmission 
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m 



Data bus(even) 



Fig. 38 Serial I/O port block diagram 



7 6 5 4 3 2 1 Q 
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Addresses 
( UART Transmit/Receive mode register 30 
[^ UART 1 Transmit/Receive mode register 38 

- Serial communication method selection bit 
000: Parallel port 
1 : Clock synchronous 
100: 7-bit UART 
101: 8-bit UART 
110: 9-bit UART 

- Internal clock/External clock selection bit 

: Internal clock 

1 ". External clock 
-Stop bit length selection bit 

: 1 stop bit 
1:2 stop bits 
"Even/Odd parity selection bit 

: Odd parity 

1 ■. Even. parity 
"Parity enable selection bit 

: No parity 

1 : With parity 
~ Sleep selection bit 

: No sleep 

1 : Sleep ^ '. 



Fig. 39 UARTi Transmit/Receive mode register bit configuration 
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Fig. 40 Receiver block diagram 
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Fig. 41 Transmitter block diagram 
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Addresses 



csci r ^^^'^ Transmit/Receive control register 34i, 



7 6 5 4 3 2 10 



1 UART 

^ [^ UART 1 Transmit/Receive control register 3Ci6 
— Clock source selection bit 
; Select fg 

1 : Select fi6 

1 : Select f64 
11 : Select f5i2 

CTS, RTS Selection bit 

: Select CTS 

1 : Select RTS 

Transmission register empty bit 

Addresses 
fUART Transmit/Receive control register 1 35i6 1 
LUART 1 Transmit/Receive control register 1 3Di6 J 
-Transmit enable flag 

- Transmit buffer empty flag 

- Receive enable flag 

- Receive completion flag 

- Overrun error flag 

- Framing error flag 

- Parity error flag 

- Error sum flag 



Fig. 42 UARTI Transmit/Receive control register bit configuration 



MITSUBISHI 
k ELECTRIC 



2-267 



MITSUBISHI MICROCOMPUTERS 

IVI37732S4FP,M37732S4AFP 
IVI37732S4BFP 

16-BIT CMOS MICROCOMPUTER 



CLOCK SYNCHRONOUS SERIAL 
COMMUNICATION 

A case where communication is performed between two 
clock synchronous serial I/O ports as shown in Figure 43 
will be described. (The transmission side will be denoted 
by subscript j and the receiving side will be denoted by 
subscript k.) 

Bit of the UARTj transmit/receive mode register and 
UARTk transmit/receive mode register must be set to "1" 
and bits 1 and 2 must be "0". The length of the transmission 
data is fixed at 8 bits. 

Bit 3 of the UARTj transmit/receive mode register of the 
clock sending side is cleared to "0" to select the internal 
clock. Bit 3 of the UARTk transmit/receive mode register of 
the clock receiving side is set to "1" to select the external 
clock. Bits 4, 5 and 6 are ignored in clock synchronous 
mode. Bit 7 must always be "0". 

The clock source is selected by bit (CSo) and bit 1 
(CSi) of the clock sending side UARTj transmit/ receive 
control register 0. As shown in Figure 38, the selected 
clock is divided by (n +1), then by 2, passed through a 
transmisson control circuit, and output as transmisson clock 
CLKj. Therefore, when the selected clock is fi, 

BitRate=fi/| (n+l)X2l 

On the^ clock receiving side, the CSo and CSi bits of the 
UARTk transmit/receive control register are ignored be- 
cause an external clock is selected. 

The bit 2 of the clock sending side UARTj transmit/receive 
control register is clear to "0"to select CTSj input. The bit 2 
of the clock receiving side is set to "1" to select RTSk out- 
put. CTS, and RTS signals are described later. 

Transmission 

Transmission is started when the bit (TEj flag) of UARTj 
transmit/receive control register 1 is "1", bit 1 is (TIj flag) 
of one is "0", and CTSj input is "L". As shown in Figure 44, 
data is output from TxDj pin when transmission clock CLKj 
changes from "H" to "L". The data is output from the least 
significant bit. 

The TIj flag indicates whether the transmission buffer regis- 
ter is empty or not. It is cleared to "0" when data is written 
in the transmission buffer register and set to "1" when the 
contents of the transmission buffer register is transferred to 
the transmission register. 

When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati- 
cally from the transmission buffer register to the transmis- 
sion register if the next transmission start condition is satis- 
fied. If the bit 2 of UARTj transmit/receive control register 
Is "1", CTSj input is Ignored and transmission start is con- 
trolled only by the TEj flag and TIj flag. Once transmission 
has started, the TEj flag, TIj flag, and CTSj signals are 
ignored until data transmission completes. Therefore, trans- 



mission is not interrupt when CTSj input is changed to "H" 
during transmission. 

The transmission start condition indicated by TEj flag, TIj 
flag, and CTSj is checked while the Tendj signal shown in 
Figure 44 is "H". Therefore, data can be transmitted con- 
tinuously if the next transmission data is written in the trans- 
mission buffer register and TIj flag is cleared to "0" before 
the Tendj signal goes "H". 

The bit 3 (TxEPTYj flag) of UARTj transmit/receive control 
register changes to "1" at the next cycle after the Tendj 
signal goes "H" and changes to "0" when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmission has completed. 
When the TIj flag changes from "0" to "1", the interrupt re- 
quest bit in the UARTj transmission interrupt control regis- 
ter is set to "1". 

Receive 

Receive starts when the bit 2 (REk flag) of UARTk trans- 
mit/receive control register 1 is set to "1". 
The RTSk output is "H" when the REk flag is "0" and goes 
"L" when the REk flag changed to "1". It goes back to "H" 
when receive starts. Therefore, the RTSk output can be 
used to determine whether the receive register is ready to 
receive. It is ready when RTSk output is "L". 
The data from the RxDk pin is retrieved and the contents of 
the receive register is shifted by 1 bit each time the trans- 
mission clock CLKj changes from "L" to"H". When an 8-bit 
data is received, the contents of the receive register is 
transferred to the receive buffer register and the bit 3 (RIk 
flag) of UARTk transmit/receive control register 1 is set to 
"1". In other words, the setting of the RIk flag indicates that 
the receive buffer register contains the received data. At 
this point, RTSj output goes "L" to indicate that the next 
data can be received. When the RIk flag changes from "0" 
to "1", the interrupt request bit in the UARTk receive inter- 
rupt control register is set to "1". Bit 4 (OERk flag) of 
UARTk transmit/receive control register is set to "1" when 
the next data is transferred from the receive register to the 
receive buffer register while RIk flag is "1", and indicates 
that the next data was transferred to the receive register 
before the contents of the receive buffer register was read. 
RIk and OERk flags are cleared automatically to "0" when 
the low-order byte of the receive buffer register is read. 
The OERk flag is also cleared when the REk flag is 
cleared. Bit 5 (FERk flag), bit 6 (PERk flag), and bit 7 
(SUMk flag) are ignored in clock synchronous mode. 
As shown in Figure 38, with clock synchronous serial com- 
munication, data cannot be received unless the transmitter 
is operating because the receive clock is created from the 
transmission clock. Therefore, the transmitter must be oper- 
ating even when there is no data to be sent from UARTk to 
UARTj. 
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Fig. 43 Clock synchronous serial communication 
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Fig. 44 Clock synchronous serial I/O timing 
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ASYNCHRONOUS 
SERIAL COMMUNICATION 

Asynchronous serial communication can be performed us- 
ing 7-, 8-, or 9-bJt length data. The operation is the same 
for all data lengths. The following is the description for 8-bit 
asynchronous communication. 

With 8-bit asynchronous communication, the bit of UARTI 
transmit/receive mode register is "1", the bit 1 is "0", and 
the bit 2 is"1". 

Bit 3 is used to select an internal clock or an external 
clock. If bit 3 is "0", an internal clock is selected and if bit 3 
is "1", then external clock is selected. If an internal clock is 
selected, the bit (CSq) and bit 1 (CSi) of UARTi transmit/ 
receive control register are used to select the clock 
source. When an internal clock is selected for asynchro- 
nous serial communication, the CLK pin can be used as a 
normal I/O pin. 



The selected internal or external clock is divided by (n+l), 
then by 16, and passed through a control circuit to create 
the UART transmission clock or UART receive clock. 
Therefore, the transmission speed can be changed by 
changing the contents n of the bit rate generator. If the 
selected clock is an internal clock fi or an external clock 

^EXT. 

Bit Rate =(fi or fExi)/ I (n+1 )X16 j 

Bit 4 is the stop bit length selection bit to select 1 stop bit 

or 2 stop bits. 

The bit 5 Is a selection bit of odd parity or even parity. 

In the odd parity mode, the parity bit is adjusted so that the 

sum of the 1's in the data and parity bit is always odd. 

In the even parity mode, the parity bit is adjusted so that 

the sum of the 1's in the data and parity bit is always even. 
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Fig. 45 Transmit timing example when 8-bit asynchronous communication with parity and 1 stop bit is selected 
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Fig. 46 Transmit timing example when 9-bit asynchronous communication with no parity and 2 stop bits Is selected 
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Bit 6 is the parity bit selection bit which indicates whether 
to add parity bit or not. 

Bits 4 to 6 should be set or reset according to the data for- 
mat of the communicating devices. 

Bit 7 is the sleep selection bit. The sleep mode is de- 
scribed later. 

The UARTj transmit/receive control regisger bit 2 is used 
to determine whether to use CTSj input or RTSj output. 
CTSj input used if bit 2 is "0" and RTSj output is used if bit 
2is"1". 

If CTSj input is selected, the user can control whether to 
stop or start transmission by external CTSj input. RTSj will 
be described later. 

Transmission 

Transmission is started when the bit (TEi flag) of UARTj 
transmit/receive control register 1 is "1", the bit 1 (Tlj flag) 
is "0", and CTSj input is "L" if CTSj input is selected. As 
shown in Figure 45 and 46, data is output from the TxDj pin 
with the stop bit and parity bit specified by the bits 4 to 6 of 
UARTj transmit/receive mode register bits. The data is out- 
put from the least significant bit. 

The Tlj flag indicates whether the transmission butter is 
empty or not. It is cleared to "0" when data is written in the 
transmission buffer and set to "1" when the contents of the 
transmission buffer register is transferred to the transmis- 
sion register. 



When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati- 
cally form the transmission buffer register to the transmis- 
sion register if the next transmission start condition is satis- 
fied. 

Once transmission has started, the TEj flag, Tlj flag, and 
CTSj signal (if CTSj input is selected) are ignored until 
data transmission is completed. 

Therefore, transmission does not stop until it completes 
even if the TEj flag is cleared during transmission. 
The transmission start condition indicated by TEj flag, Tlj 
flag, and CTSj is checked while the TendI signal shown in 
Figure 45 is "H". Therefore, data can be transmitted con-~ 
tinuously if the next transmission data is written in the trans- 
mission butter register and Tlj flag is cleared to before 
the TendI signal goes "H". 

The bit 3 (TxEPTYj flag) of UARTj transmit/receive control 
register changes to "1" at the next cycle after the Tend! 
signal goes "H" and changes to "0" when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmision is completed. 
When the Tlj flag changes from "0" to "1", the interrupt re- 
quest bit in the UARTj transmissoin interrupt control regis- 
ter is set to "1". 

Receive 

Receive is enabled when the bit 2 (REj flag) of UARTj 
transmit/receive control register 1 is set. As shown in Fi- 
gure 47, the frequency divider circuit at the receiving end 
begin to work when a start bit is arrived and the data is re- 
ceived. 
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Fig. 47 Receive timing example when 8-blt asynchronous communication with no parity and 1 stop bit Is selected 
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If RTSj output is selected by setting the bit 2 of UARTj 
transmit/receive control register to "1", the RTSI output is 
"H" when the REj flag is "0". When the REj flag changes to 
"1", the RTSI output goes "L" to indicate receive ready and 
returns to "H" once receive has started. In other words, 
RTSj output can be used to determine externally whether 
the receive register is ready to receive. 
The entire transmission data bits are received when the 
start bit passes the final bit of the receive block shown in 
Figure 40. At this point, the contents of the receive register 
is transferred to the receive buffer register and the bit 3 of 
UARTj transmit/receive control register 1 is set. In other 
words, the Rlj flag indicates that the receive buffer register 
contains data when it is set. If RTSj output is selected, RTSj 
output goes "L" to indicate that the register is ready to re- 
ceive the next data. 

The interrupt request bit in the UARTj receive interrupt 
control register is set when the Rlj flag changes from "0" to 
"1". 

The bit 4 (OERj flag) of UARTj transmission control register 
1 is set when the next data is transferred from the receive 
register to the receive buffer register while the Rlj flag is 
"1". In other words when an overrun error occurs. If the 
OERj flag is "1", it indicates that the next data has been 
transferred to the receive buffer register before the con- 
tents of the receive butter register has been read. 
Bit 5 (FERj flag) is set when the number of stop bits is less 
than required (framing error). 
Bit 6 (PERj flag) is set when a parity error occurs. 
Bit 7 (SUMj flag) is set when either the OERj flag, FERj 
flag, or the PERj flag is set. Therefore, the SUMj flag can 
be used to determine whether there is an error. 
The setting of the Rlj flag, OERj flag, FERj flag, and the 
PERj flag is performed while transferring the contents of 
the receive register to the receive buffer register. The Rlj 
OERj, FERj, PERj, and SUMj flags are cleared when the 
low order byte of the receive buffer • register is read or 
when the REj flag Is cleared. 



Normal receive operation takes place when bit 7 of the re- 
ceived data is "1". 

The following is an example of how the sleep mode can be 
used. 

The main microcomputer first sends data with bit 7 set to 
"1" and bits to 6 set to the address of the subordinate 
microcomputer which wants to communicate with. Then all 
subordinate microcomputers receive the same data. Each 
subordinate microcomputer checks the received data, 
clears the sleep bit if bits to 6 are its own address and 
sets the sleep bil if not. Next the main microcomputer 
sends data with bit 7 cleared. Then the microcomputer with 
the sleep bit cleared will receive the data, but the micro- 
computer with the sleep bit set will not. In this way, the 
main microcomputer is able to communicate with only the 
designated microcomputer. 



Sleep mode 

The sleep mode is used to communicate only between cer- 
tain microcomputers when multiple microcomputers are 
connected through serial I/O. 

The sleep mode is entered when the bit 7 of UARTj trans- 
mit/receive mode register is set. 

The operation of the sleep mode for an 8-bit asynchronous 
communication is described below. 

When sleep mode is selected, the contents of the receive 
register is not transferred to the receive buffer register if 
bit 7 (bit 6 if 7-bit asynchronous commuriication and bit 8 if 
9-bit asychronous communication) of the received data is 
"0". Also the Rlj, OERj, FERj, PERj, and the SUMj flag are 
unchanged. Therefore, the interrupt request bit of the 
UARTj receive interrupt control register is also unchanged. 
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A-D CONVERTER 

The A-D converter is an 8-bit successive approximation 
converter. 

Figure 48 shows a block diagram of the A-D converter and 
Figure 49 shows the bit configuration of the A-D control 
register. The frequency of the A-D converter operating 
clock 0AD is selected by the bit 7 of the A-D control regis- 
ter. When bit 7 is "0", 0ad is the clock frequency divided by 
8. That is, 0ad=^(Xin)/8. When bit 7 is "1", 0ad is the clock 
frequency divided by 4 and ^ad is=f(X|N)/4. The 0ad dur- 
ing A-D conversion must be 250kHz minimum because the 
comparator consists of a capacity coupling amplifier. 
The operating mode is selected by the bits 3 and 4 of A-D 
control register. The available operating modes are one- 
shot, repeat, single sweep, and repeat sweep. 
The bit of data direction register bit corresponding to the 
A-D converter pin must be "0" (input mode) because the 
analog input port is shared with port P7. 
The operation of each mode is described below. 
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A-D control register 1 1Ei6 
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1 
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1 1 


: Select AN3 
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1 1 
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1 1 1 
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1 
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: Stop A-D conversion 


1 
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Fig. 49 A-D control register bit configuration 
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Fig. 48 A-D converter block diagram 
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(1) One-shot mode COO] 

The A-D conversion pins are selected with the bit to 2 of 
A-D control register. A-D conversion can be started by a 
software trigger or by an external trigger. 
A software trigger is selected when the bit 5 of A-D control 
register is "0" and an external trigger is selected when it is 
"1". 

When a software trigger is selected, A-D conversion is 
started when bit 6 (A-D conversion start flag) is set. A-D 
conversion ends after 57 0ad cycles and an interrupt re- 
quest bit is set in the A-D conversion interrupt control reg- 
ister. At the same time, A-D control register bit 6 (A-D con- 
version start flag) is cleared and A-D conversion stops. The 
result of A-D conversion is stored in the A-D register cor- 
responding to the selected pin. 

If an external trigger is selected, A-D conversion starts 
when the A-D conversion start flag is "1" and the ADtrg in- 
put changes from "H" to "L". In this case, the pins that can 
be used for A-D conversion are ANq to ANe because the 
ADjRG pin is shared with the analog voltage input pin AN7. 
The operation is the same as with software trigger except 
that the A-D conversion start flag is not cleared after A-D 
conversion and a retrigger can be available during A-D 
conversion. 

(2) Repeat mode [01] 

The operation of this mode is the same as the operation of 
one-shot mode except that when A-D conversion of the 
selected pin is complete and the result is stored in the A-D 
register, conversion does not stop, but is repeated. Also, no 
interrupt request is issued in this mode. Furthermore, if 
software trigger is selected, the A-D conversion start flag is 
not cleared. The contents of the A-D register can be read 
at any time. 

(3) Single sweep mode [10] 

In the sweep mode, the number of analog input pins to be 
swept can be selected. Analog input pins are selected by 
bits 1 and of the A-D sweep pin selection register (IF16 
address) shown in Figure 50. Two pins, four pins, six pins, 
or eight pins can be selected as analog Input pins, de- 
pending on the contents of these bits. 
A-D conversion is performed only for selected input pins. 
After A-D conversion is performed for input of ANq pin, the 
conversion result is stored in A-D register 0, and in the 
same way, A-D conversion is performed for selected pins 
one after another. After A-D conversion is performed for all 
selected pins, the sweep is stopped. 
A-D conversion can be started with a software trigger or 
with an external trigger input. A software trigger is selected 
when bit 5 is "0" and an external trigger is selected when it 
is"1". 

When a software trigger is selected, A-D conversion is 
started when A-D control register bit 6 (A-D conversion 
start flag) is set. When A-D conversion of all selected pins 
end, an interrupt request bit is set in the A-D conversion in- 



terrupt control register. At the same time, A-D control regis- 
ter bit 6 (A-D conversion start flag) is cleared and A-D 
conversion stops. 

When an external trigger is selected, A-D conversion starts 
when the A-D conversion start flag is "1" and the ADjrg in- 
put changes from "H" to "L". In this case, the A-D conver- 
sion result of the trigger input itself is stored in the A-D 
register 7 because the ADtrg pin is shared with AN7 pin. 
The operation is the same as done by software trigger ex- 
cept that the A-D conversion start flag is not cleared after 
A-D conversion and a retrigger can be available during A-D 
conversion. 

(4) Repeat sweep mode [11] 

The difference with the single sweep mode is that A-D 
conversion does not stop after converting from the ANq pin 
to the selected pins, but repeats again from the ANq pin. 
The repeat is performed among the selected pins. Also, no 
interrupt request is generated. Furthermore, if software trig- 
ger is selected, the A-D conversion start flag is not cleared. 
The A-D register can be read at any time. 



7 6 



2 1 



MXDKIXMX1 



A-D sweep pin Address 
selection register IF16 

: ANo, ANi (2 pins) 

1 : ANo-ANa (4 pins) 
10: ANo-ANs (6 pins) 

1 1 : ANo-ANr (8 pins) 



Fig. 50 A-D sweep pin selection register configuration 
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WATCHDOG TIMER 

The watchdog timer is used to detect unexpected -execu- 
tion sequence caused by software run-away. 
Figure 51 shows a block diagram of the watchdog timer. 
The watchdog timer consists of a 12-bit binary counter. 
The watchdog timer counts the clock frequency divided by 
32 (f32) or by 512 (f5i2). Whether to count faa or f5-,2 is de- 
termined by the watchdog timer frequency selection flag 
shown in Figure 52. f^-iz is selected when the flag is "0" and 
f32 is selected when it is "1". The flag is cleared after reset. 
FFF16 is set in the watchdog timer when "L" or 2Vcc is ap- 
plied to the RESET pin, STP instruction is executed, data is 
written to the watchdog timer, or the most significant bit of 
the watchdog timer become "0". 

After FFF16 is set in the watchdog timer, the contents of 
watchdog timer is decremented by one at every cycle of 
selected frequency f32 or f5i2, and after 2048 counts, the 
most significant bit of watchdog timer become "0", and a 
watchdog timer interrupt request bit is set, and FFF^e is 
preset in the watchdog timer. 

Normally, a program is written so that data is written in the 
watchdog timer before the most significant bit of the watch- 
dog timer become "0". If this routine is not executed due to 
unexpected program execution, the most significant bit of 
the watchdog timer become eventually "0" and an interrupt 
is generated. 

The processor can be reset by setting the bit 3 (software 
reset bit) of processor mode register described in Figure 
10 in the interrupt section and generating a reset pulse. 
The watchdog timer stops its function when the RESET pin 
voltage is raised to double the Vcc voltage. 
The watchdog timer can also be used to recover from when 
the clock is stopped by the STP instruction. Refer to the 
section on clock generation circuit for more details. 
The watchdog timer hold the contents during a hold state 
and the frequency is stopped to input. 
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Fig. 51 Watchdog timer block diagram 
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Address 
Watchdog timer g-| 

frequency selection 

- : Select f5i2 
1 : Select fa? 



Fig. 52 Watchdog timer frequency selection flag 
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RESET CIRCUIT 

Reset occurs when the RESET pin is returned to "H" level 
after holding it at "L" level when the power voltage is at 5V 
±10%. Program execution starts at the address formed by 
setting the address pins A23~Ai6 to OO16, Ais^As to the 
contents of address FFFF16, and Aj^Aq to the contents of 
address FFFEie- 

Figure 53 shows the status of the internal registers when a 
reset occurs. 

Figure 54 shows an example of a reset circuit. The reset in- 
put voltage must be held 0.9V or lower when the power vol- 
tage reaches 4.5V. 



M37732S4FP 



-MAr- 



69 
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- Power on 
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Fig. 54 Example of a reset circuit (perform careful 
evaluation at the system design level before using) 



(1 ) Port P4 data directional register 

(2) Port P5 data directional register 

(3) Port P6 data directional register 

(4) Port P7 data directional register 

(5) Port P8 data directional register 

(6) A-D control register 

(7) A-D sweep pin selection register 

( 8 ) UART Transmit/Receive mode register 

(9) UART 1 Transmit/Receive mode register 

(1 0) UART Transmit/Receive control register 

(1 1) UART 1 Transmit/Receive control register 

(1 2) UART Transmit/Receive control register 1 

(13) UART 1 Transmit/Receive control register 1 

(14) Count start flag 

(15) One-shot start flag 

(16) Up-down flag 

(17) Timer AO mode register 

(18) Timer A1 mode register 

(19) Timer A2 mode register 

(20) Timer A3 mode register 

(21) Timer A4 mode register 

(22) Timer BO mode register 

(23) Timer B1 mode register 

(24) Timer 82 mode register 

(25) Processor mode register 

(26) Watchdog timer (( 
(2 7) Watchdog timer frequency selection flag 


Address 






Waveform output mode register 
A-D conversion interrupt control register 
UART transmission interrupt control register 
UART receive interrupt control register 
UART 1 transmission interrupt control register 
UART 1 receive interrupt control register 
Timer AO interrupt control register 
Timer A1 interrupt control register 
Timer A2 interrupt control register 
Timer A3 interrupt control register 
Timer A4 interrupt control register 
Timer BO interrupt control register 
Timer B1 interrupt control register 
Timer 82 interrupt control register 
INTo interrupt control register 
INT 1 interrupt control register 
INT 2 interrupt control register 
Processor status register PS 
Program bank register PG 
Program counter PCh 
Program counter PCu 
Direct page register DPR 
Data bank register DT 

ntents of other registers and RAM 
ized by software. 
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(II16)- 
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(77i6)- 
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Fig. 53 Microcomputer internal status during reset 
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INPUT/OUTPUT PINS 

Ports P8 to P4 all have a data direction register and each 
bit can be programmed for input or output. A pin becomes 
an output pin when the corresponding data direction regis- 
ter is set and an input pin when it is cleared. 
When pin programmed for output, the data is written to the 
port latch and It is output to the output pin. When a pin is 
programmed for output, the contents of the port latch is 
read instead of the value of the pin. Therefore, a previously 
output value can be read correctly even when the output 
"L" voltage is raised due to reasons such as directly driving 
an LED. 

A pin programmed for input is floating and the value input 
to the pin can be read. When a pin is programmed for in- 
put, the data is written only in the port latch and the pin 
stays floating. 

If an input/output pin is not used as an output port, clear 
the bit of the corresponding data direction register so that 
the pin become input mode. 

Figure 55 shows a block diagram of ports P8 to P4 and the 
E pin output. 

In evaluation chip mode, port P4 is also used as control sig- 
nal pins. 
Refer to the section on processor modes for more details. 
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• Ports P46~P43 (Inside dotted-line not included) . 

Ports P47, P57, P67~P6i, P82, PSe (Iriside dotted-line included, but P82, PSe are without hysterisis) 
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Fig. 55 Block diagram for ports P8 to P4 and the E pin output 
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PROCESSOR MODE 

The bit of processor mode register as shown in Figure 56 
is used to select either, microprocessor mode, or evaluation 
chip mode. 

Figure 57 shows the functions of Aq to A7 pins, As/Ds to A23/ 
D7 pins, and port P4 in each mode. 

The external memory area changes when the mode 
changes. 

Figure 58 shows the memory map for each mode. 
The accessing of the external memory is affected by the 
BYTE pin and the bit 2 (wait bit) of processor mode regis- 
ter . These will be described next. 



• BYTE pin 

When accessing the external memory, the level of the 

BYTE pin is used to determine whether to use the data bus 

as 8-bit width or 16-bit width. 

The data bus width Is 8 bits when the level of the BYTE pin 

is "H" and Aie/Do to A23/D7 become the data I/O pin. 

The data bus width is 16 bits when the level of the BYTE 

pin is "L" and Aie/Do to A23/D7 pins and As/Ds to A15/D15 

pins become the data I/O pins. 

When accessing the internal memory, the data bus width is 

always 16 bits regardless of the BYTE pin level. 



6 5 4 



2 10 



Processor mode register 

■ Processor mode bit 

: Microprocessor mode 

1 '. Evaluation chip mode 



Address 
5Ei6 



- Til is bit must be "1" (it is set to "1" after a reset) 

Wait bit 

: Wait 

1 : No Wait 

Software reset bit 

Reset occurs wlien this bit is set to 1 



Interrup priority resolusion time selection bit 
: Select 1/f(X,N)X 14 

1 : Select 1/f(X|N)X 8 

1 : Select 1/f(X|N)X 4 

Test mode bit 

This bit must be "0" 



Fig. 56 Processor mode register bit configulation 
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GMi 



CMo 



Port 



Microprocessor Mode 



Evaluation Chip Mode 



Ao~A7 



E 

Ao 

\ . X Address Ay^Ao 

A7 



DC 



XI 



Same as left 



As/Ds 
A15/D15 



BYTE="L" 



BYTE = "H" 



Ai5~A8 



A15/D15 



Same as left 



Ai5~A8 



Ag/Ds 

A15/D15 



jf Address Ai5~A8 Y 



^^^l^^ XAddressX 

A15/D15 



Data 
(odd) 



XI 



Ports P4, P5 and their direction regis- 
ters are treated as 16-bit wide bus. 



A16/D0 
A23/D7 



A16/D0 ^"2^16^ 



A23/D7 



K=iXS)C 



Same as left 



A16/D0 A23~Ai6 



A23/D: 



Ik 



J~ 



. Dd^iXiyCI 



A16/D0 
A23/D7 



A23~ A16N 



IX*^E3(21IXI 



Same as As/Dg to A15/D15 



r~ 



-' DC 



P4' 



I/O Port 



DC 



E 

P47 
P46 
P45 
P44 
P43 





- 




_ 


JL 


DBC 




DL 


DC 


vpaX 




DC 


DC 


VDA X 




DC 




x- 


X 




DC 


MX 




DC 



Fig. 57 Processor mode and Ao to A7 pins, Aa/Ds to A23/D7 pins and port P4 functions 
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•Wait bit 

As shown in Figure 59, when the external memory area is 

accessed with the processor mode register bit 2 (wait bit) 

cleared to "0", the "L" width of E signal becomes twice 

compared with no wait (the wait bit is "1")- The wait bit js 

cleared during reset. 

The accessing of internal memory area is performed in no 

wait mode regardless of the wait bit. 

The processor modes are described below. 



Microprocessor Evaluation chip 
mode mode 







2l6 
9i6 


WM^A 






80i6 
87Fi6 


RAM 


FFFFFF16 


« 





The shaded area is the external memory area. 



Fig. 58 External menriory area for each processor 
mode 



Internal clocks njTjnjnjnjnjHLrij" 


Wait bit , 
"1" 


Ai/Dj :::Drj(^ffy xoatay 


Address Address 


E LJ l_l 

AiP n n 




Address Address 


Wait bit ^ 
"0" 


Ai/Dj y y Data iT^ Data X 


\ ■ 


E 1 II ^ 


ALE n n 







(1) Microprocessor mode [10] 

Microprocessor mode is entered by connecting the CNVss 
pin to Vcc and starting from reset. 

Aa/Ds to Ai57Di5 pins have two functions depending on the 
level of the BYTE pin. 

When the BYTE pin level is "L", Ag/Ds to A15/D15 pins func- 
tion as an address output pin while E is "H" and as an odd 
address data I/O pin while E is "L". However, if an internal 
memory is read, external data is ignored while E is "L". 
When the BYTE pin level "H", Ae/Ds to A15/D15 pins func- 
tion as an address output pin. 

Aie/Do to A23/D7 pins have two functions depending on the 
level of the BYTE pin. 

When the BYTE pin level is "L", Ai6/Do~A23/D7 pins func- 
tion as an address output pin while E is "H" and as an even 
address data I/O pin while E is "L". However, if an internal 
memory is read, external data is ignored while E is "L". 
When the BYTE pin level is "H", Ai6/Do~A23/D7 pins func- 
tions as an address output pin while E is "H" and as an 
even and odd address data I/O pin while E is "L". Howev- 
er, if an internal memory is read, external data is ignored 
while E is "L". 

R/W is a read/write signal which indicates a read when it 
is "H" and a write when it is "L". 

BHE is a byte high enable signal which indicates that an 
odd address is accessed when it is "L". 
Therefore, two bytes at even and odd addresses are 
accessed simultaneously it address Aq is "L" and BHE is 
"L". 



Fig. 59 Relationship between wait bit and access time 
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ALE is an address latch enable signal used to latch the 
address signal from a multiplexed signal of address and 
data. The latch is transparent while ALE is "H" to let the 
address signal pass through and held while ALE Is "L". 
HLDA is a hold acknowledge signal and is used to notify 
externally When the microcomputer receives HOLD input 
and enters into hold state. 



HOLD is a hold request signal. It is an input signal used to 
put the microcomputer In hold state. HOLD input is 
accepted when the internal clock flails from "H" level to 
"L" level while the bus is not used. Aq to A7 pins, As/Ds to 
A23/D7 pins, R/W pin and BHE pin are floating while the 
microcomputer stays in hold state. These ports are floating 
after one cycle of the internal clock later than HLDA sig- 
nal changes to "L" level. At the removing of hold state, 
these ports are removed from floating state after one cycle 
of later than HLDA signal changes to "H" level. 
RDY is a ready signal. If this signal goes "L", the internal 
clocks stops at "L". 0i output from clock 0i output pin 
doesn't stop. RDY is used when slow external memory is 
attached. 

(2) Evaluation chip mode [11] 

Evaluation chip mode is entered by applying voltage twice 
the Vcc voltage to the GNYss pin. This mode is normally 
used for evaluation tools. 

As/Ds to A15/D15 functions as an address output pin while E 
is "H" and as data I/O pin of odd addresses while E is "L" 
regardless of the BYTE pin level. However, if an internal 
memory is read, external data is ignored while E is "L". 
Aie/Do to A23/D7 function as, an address output pin while E 
is "H" and as data I/O pin of even addresses while E is "L" 
when the BYTE pin level is "L". However, if an internal 
memory is read, external data is ignored while E is "L". 
When the BYTE pin level is "H", Ais/Dq to A23/D7 functions 
as an address output pin while E is "H" and as data I/O pin 
of even and odd addresses while E is "L". However, if an 
internal memory is read, external data is ignored while E is 
"L". 

Port P4 and its data direction register which are located at 
address OA16 and OC16 are treated differently in evaluation 
chip mode. When these addresses are accessed, the data 
bus width is treated as 16 bits regardless of the BYTE pin 
level, and the access cycle is treated as internal memory 
regardless of the wait bit. 

Ports P43 to P46 become l\/IX, QCL, VDA, and VPA output 
pins respectively. Port P47 becomes the DBC input pin. 
The MX signal normally contains the contents of flag m, but 
the contents of flag x is output if the CPU is using flag x. 
QCL is the queue buffer clear signal. It becomes "H" when 
the instruction queue buffer is cleared, for example, when a 
jump instruction is executed. 

VDA is the valid data address signal. It becomes "H" while 
the CPU is reading data from data buffer or writing data to 
data buffer. It also becomes "H" when the first byte of the 



instruction (operation code) is read from the instruction 
queue buffer. 

VPA is the valid program address signal. It becomes "H" 
while the CPU is reading an instruction code from the in- 
struction queue buffer. 

DBC is the debug control signal and is used for debugging. 
Table 5 shows the relationship between the CNVss pin in- 
put levels and processor modes. 



Table 5. Relationship between the CNVss pin input 
levels and processor modes 



CNVss 


Mode 


Description 


Vcc 


• Microprocessor 

• Evaluation chip 


Microprocessor mode upon 
starting after reset. Evaluation 
chip mode can be selected 
by changing the processor 
mode bit by software. 


2 -Vcc 


• Evaluation chip 


• Evaluation chip mode only. 
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CLOCK GENERATING CIRCUIT 

Figure 60 shows a block diagram of the clock generator. 
When an STP instructidn is executed, the internal clock ^ 
stops oscillating at "L" level. At the same time, FFF16 is 
written to watchdog timer and the watchdog timer input 
connection is forced to ^32- This connection is broken and 
connected to the input determined by the watchdog timer 
frequency selection flag when the most significant bit of the 
watchdog timer is cleared or reset. 

Oscillation resumes when an interrupt is received, but the 
internal clock remains at "L" level until the most signifi- 
cant bit of the watchdog timer is cleared. This is to avoid 
the unstable interval at the start of oscillation when using a 
ceramic resonator. 

When a WIT instruction is executed, the internal clock (/> 
stops at "L" level, but the oscillator does not stop. The 
clock is restarted when an interrupt is received. Instructions 
can be executed immediately because the oscillator is not 
stopped. 




The stop or wait state is released when an interrupt is re- 
ceived or when reset is issued. Therefore, interrupts must 
be enabled before executing a STP or WIT instruction. 
Figure 61 shows a circuit example using a ceramic (or 
quartz crystal) resonator. Use the manufacturer's recom- 
mended values for constants such as capacitance which 
differ for each resonator. Figure 62 shows an example of 
using an external clock signal. 

ADDRESSING MODES 

The M37732S4FP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 

MACHINE INSTRUCTION LIST 

The M37732S4FP has T03 machine instructions. Refer to 
the MELPS 7700 machine instruction list for details. 



iyi37732S4FP 






External clock source 



Open 



JLfuir 



Fig. 61 Circuit using a ceramic resonator 



Fig. 62 External clock input circuit 



Interrupt request - 



STP instruction - 



S Q 



I— S Q 



WIT instruction- 



U 



Q S 



X>' 



D^rOLh^. 



o o 

X|N XquT 



hC^ 



Reset 



— -STP instruction 













-^ 


al clock 















f32. 


fe 






1/2 






V2 


178 











Watchdog 
timer 



Fig. 60 Block diagram of a clock generator 
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ABSOLUTE MAXIMUM RATINGS 


Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 3~ 7 


V 


AVcc 


Analog supply voltage 




-0.3-7 


V 


V, 


Input voltage RESET, CNVss, BYTE 




—0.3—12 


V 


V, 


Input voltage Ao~A7, A8/D8~A23/D7, 

P43~P47, P5o~P57, P6o~P67, P7o~P77, 
P8o~P87, Vref, X,n, hold, RDY 




-0. 3-Vcc+O. 3 


V 


Vo 


Output voltage Ao~A7, A8/D8~A23/D7, 

P43~P47, P5o~P57, P6o~P67, P7o~P77, 
P8o~P87, XouT- E. <l>^, HLDA, ALE, BHE, R/W 




-0.3~Vcc+0.3 


V 


Pd 


Power dissipation 


Ta=25°C 


300 


mW 


Topr 


Operating temperature 




-20—85 


°C 


TstQ 


Storage temperature 




-40-150 


r 



RECOMMENDED OPERATING CONDITIONS (Vcc=5V±10%,Ta=-20~85C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min. 


Typ. 


Max. 


Vcc 


Supply voltage 


4.5 


5.0 


5.5 


V 


AVcc 


Analog supply voltage 




Vcc 




V 


Vss 


Supply voltage 









V 


AVss 


Analog supply voltage 









V 


V,H 


High-level input voltage P43- 
P7o'- 
CNV 


-P47, P5o~P57, P6o~P67, / 


0. avcc 




Vcc 


V 


-P77, P8o~P87, X,N, RESET, 
ss, BYTE, HOLD, RDY 


V,H 


High-level input voltage A8/D8~A23/D7 


0.5Vcc 




Vcc 


V 


V,L 


Low-level input voltage P43~P47, P5o~P57, P6o~P67. 

P7o~P77, P8o~P87, X|N, RESET, 
CNVss, BYTE, HOLD, RDY 







0. 2Vcc 


V 


V,L 


Low-level input voltage A8/D8~A23/D7 







o.ievcc 


V 


loH(peak) 


High-level peak output current Ao~A7, A8/b8~A23/D7, 

P43~P47, P5o~P57, P6o~P67, 
P7o~P77,P8o~P87, <l>^, 
HLDA, ALE, BHE, R/W 






-10 


mA 


loH(avg) 


High-level average output current Ao~A7, A8/D8~A23/D7, 

P43~P47, P5o~P57, P6o~P67, 
P7o~P77,P8o~P87, ^1, 
HLDA, ALE, BHE, R/W 






-5 


mA 


loL(peak) 


Low-level peak output current / 


^0~A7, A8/D8~A23/D7, 

343- P47, P5o~P57. P6o~P67, 
=7o~P77,P8o~P87, <l>^, 






10 


mA 


HLDA, ALE, BHE, R/W 


loL(avg) 


Low-level average output current Ao~A7, A8/D8~A23/D7, 

P43~P47,!P5o~P57, P6o~P67, 

P7o~P77,P8o~P87, ^1, 
HLDA, ALE, BHE, R/W 






5 


mA 


f(X,N) ' 


External clock frequency input 


M37732S4FP 






8 


MHz 


M37732S4AFP 






16 


M37732S4BFP 






25 



Notel. Average output current is the average value of a 100ms in terval. _ 

2. The sum of loL(peak) ^or Po^s Ao~A7, Ag/Ds — A23/D7, HLDA, AL E, BHE , R/ W, an d P8_must be 
80mA or less, the sum of loH(peak) for ports Ao~A7, A8/D8~A23/D7, HLDA, ALE, BHE, R/W, and P8 
must be 80mA or less, the sum of loL(peak) for ports P4, P5, P6, P7, ^1 rnust be 80mA or less, and 
the sum of ioH(peak) for ports, P4, P5, P6, P7, ^1 must be 80mA or less. 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=OV, Ta=25'C, f(X,N)=8MHz, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min. 


Typ. 


Max. 


VoH 


High-level output voltage Ao—Ay, As/Da— A23/D7, 

P43~P47, P5o~P57, P6o~P67. 
P7o~P77, P8o~P87, 
<|>^, HLDA, BHE, R/W 


loH=-10mA 


3 






V 


VoH 


High-level output voltage Ao~A7, A8/D8~A23/D7, 
- (t>^, HLDA, BHE, R/W 


loH=-400^A 


4.7 






V 


VoH 


High-level output voltage ALE 


loH=-10mA 


3.1 






V 


loH=-400/.A 


4.8 






VoH 


High-level output voltage E 


loH=-10mA 


3.4 






V 


loH=-400/iA 


4.8 






Vol 


Low-level output voltage Ao~A7, A8/D8~A23/D7, 

P43~P47, P5o~P57, P6o~P67, 
P7o~P77, P8o~P87, 
<^>^, HLDA, BHE, R/W 


loL=10mA 






2 


V 


Vol 


Low-level output voltage /Kq^Aj, A8/D8~A23/D7, 
01, HLDA, BHE, R/W 


loL=2mA 






0.45 


V 


Vol 


Low-level output voltage ALE 


loL=10mA 






1.9 


V 


loL=2mA 






0.43 


Vol 


Low-level output voltage E 


loL=10mA 






1.6 


V 


loL=2mA 






0.4 


Vt+-Vt- 


Hysteresis HOLD, RDY, TA0in~TA4,n, TB0|n~TB2|n, 

INTo~INT2, ADtrg, CTSo, CTSi, CLKq, CLKi 




0.4 




1 


V 


Vt+-Vt- 


Hysteresis RESET 




0.2 




0.5 


V 


Vt+-Vt- 


Hysteresis X|n 




0.1 




0.3 


V 


I.H 


High-level input current A8/D8~A23/D7, 

P43~P47, P5o~P57, P6o~P67. 
P7o~P77, P8o~P87, XiN, RESET, • 
CNVss, BYTE, HOLD, RDY 


V|=5V 






5 


/uA 


I.L 


Low-level input current A8/D8~A23/D7, 

P43~P47, P5o~P57, P6o~P67, 


V|=OV 






-5 


juA 


P7o~P77, P8o~P87, X|N, RESET, 
CNVss, BYTE, HOLD, RDY 


Vram 


RAM hold voltage 


When clock is stopped. 


2 






V 


Ice 


Power supply current 


Output only pin is 
open and other pins 
are Vss during reset. 


f(X,N)=8MHz, 
square waveform 




6 


12 


mA 


Ta=25°C when clock 
is stopped. 






1 


/LCA 


Ta=85°C when clock 
is stopped. 






20 



A-D CONVERTER CHARACTERISTICS (Vcc=5V, Vss=OV, Ta=25°C, f(X,N)=8MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


— 


Resolution 


Vref=Vcc 






8 


Bits 


- 


Absolute accuracy 


Vref=Vcc 






±3 


LSB 


Bladder 


Ladder resistance 


Vref=Vcc 


2 




10 


ka 


tcONV 


Conversion time 




28.5 






A^S 


VpEF 


Reference voltage 


. 


2 




Vcc 


V 


V.A 


Analog input voltage 









Vref 


V 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=OV, Ta=2St; , f(X,N)=16MHz, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min. 


Typ. 


Max. 


VoH 


High-level output voltage Ao~A7, A8/D8~A23/D7, 

P43~P47, P5o-'P57, P6o~P67, 
P7o~P77, P8o~P87, 
9h, HLDA, BHE, R/W 


loH=-10mA 


• 






V 


VoH 


High-level output voltage Ao~A7, A8/D8~A23/D7, 
01, HLDA, BHE, R/W 


loH=-400/^A 


4.7 






V 


VoH 


High-level output voltage ALE 


loH=— 10mA 


3. 1 






V 


loH=-400/^A 


4.8 






VoH 


High-level output voltage E 


loH=-10mA 


3.4 






V 


loH=-400/^A 


4.8 






Vol 


Low-levfel output voltage Ao~A7, A8/D8~A23/D7, 

P43~P47, P5o~P57, P6o~P67, 
P7o~P77, P8o~P87, 
01, HLDA, BHE, R/W 


loL=10mA 






2 


V 


Vol 


Low-level output voltage Ao~A7, A8/D8~A23/D7, 
01, HLDA, BHE, R/W 


loL=2mA 






0.45 


V 


Vol 


Low-level output voltage ALE 


loL==10mA 






1.9 


V 


loL=2mA 






0.43 


Vol 


Low-level output voltage E 


loL=10mA 






1.6 


V 


loL=2mA 






0.4 


Vt+-Vt- 


Hysteresis HOLD, RDY, TA0in~TA4,n, TB0|n~TB2|n, 

INTo~INT2, ADtrg, CTSo, CTSi, CLKo, CLKi 




0.4 




1 


V 


Vt+-Vt- 


Hysteresis RESET 




0.2 




0.5 


V 


Vt+-Vt- 


Hysteresis X|n 




0.1 




0.3 


V 


I.H 


High-level input current A8/D8~A23/D7, 

, P43~P47, P5o~P57, P6o~P67, 


V|=5V 






5 


IxtK 


P7o~P77, P8o~P87,XiN, RESET, 
CNVss, BYTE, HOLD, RDY 


l|L 


Low-level input current A8/D8~A23/D7, 

P43~P47, P5o~P57, P6o~P67, 
P7o~P77, P8o~P87, X,N, RESET, 
CNVss, BYTE, HOLD, RDY 


V|=OV 






-5 


uJK 


Vram 


RAM hold voltage 


When clock is stopped. 


2 






V 


Ice 


Power supply current 


Output only pin is 
open and other pins 
are Vss during reset. 


f(X|N) = 16MHz, 
square waveform 




12 


24 


mA 


Ta=25°C when clock 
is stopped. 






■"■"'1 


/.A 


Ta=85°C when clock 
is stopped 






20 



A^D CONVERTER CHARACTERISTICS (Vcc=5V, Vss=^OV, Ta=25°C, f(X|N)-16MH2, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. ^ 


. — . 


Resolution 


Vref=Vcg - 






8 


Bits 


— 


Absolute accuracy 


Vref=Vcc ' 






±3 


LSB 


Rladder 


Ladder resistance 


Vref=Vcc 


2 


' 


10 


kO 


tcONV 


Conversion time 




14.25 






us 


Vref 


Reference voltage 




2 




Vcc 


V 


V,A 


Analog input voltage 









Vref 


V 
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ELECTRICAL CHARACTERISTICS (Vco=5V, Vss=OV, Ta=25-C, f(X,N)=25MHz, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min. 


Typ. 


Max. 


VOH 


High-level output voltage Aq-At, As/Da- A23/D7, 

P4o~P47, P5o~P57. P6o~P67, 
P7o~P77, P8o~P87, 
01, HLDA, BHE, R/W 


loH=-10mA 


3 






V 


VoH 


High-level output voltage Ao~A7, A8/D8~A23/D7, 
0^. HLDA, BHE. R/W 


loH=-400/^A 


4.7 






V 


VoH 


High-level output voltage ALE 


loH=— 10mA 


3.1 






V 


Ioh=-400a/A 


4.8 






VoH 


_ 
High-level output voltage E 


loH=-10mA 


3.4 






V 


loH=-400;c^A 


4.8 






Vol 


Low-level output voltage Ao~A7, Ag/Ds-Aaa/D?, 

P43~P47, P5o~P57, P6o~P67. 
P7o~P77, P8o~P87, 
?ii, HLDA. BHE, R/W 


loL=10mA 






2 


V 


Vol 


Low-level output voltage Ao~A7, A8/D8~A23/D7, 
^, HLDA, BHE, R/W 


loL=2mA 






0.45 


V 


Vol 


Low-level output voltage ALE 


loL=10mA 






1.9 


V 


loL=2mA 






0.43 


Vol 


Low-level output voltage E 


loL=10mA 






1.6 


V 


loL=2mA 






0.4 


Vt+-Vt- 


Hysteresis HOLD, RDY, TA0,n~TA4|n, TB0,n~TB2|n, 

INTo~INT2, ADtrg. CTSo, CTSi, CLKq, CLKi 




0.4 




1 


V 


Vt+-Vt- 


Hysteresis RESET 




0.2 




0.5 


V 


Vt+-Vt- 


Hysteresis Xin 




0.1 




0.3 


V 


I.H 


High-level input current A8/D8~A23/D7, 

P43~P47, P5o~P57, P6o~P67, 
P7o~P77, P8o~P87, Xin, RESET, 
CNVss, BYTE, HOLD, RDY 


V|=5V 






5 


txk 


l|L 


Low-level input current A8/D8~A23/D7, 

P43~P47, P5o~P57, P6o~P67, 


V,=OV 






-5 


mA 


P7o~P77, P8o~P87, X|N, RESET, 
CNVss, BYTE, HOLD, RDY 


Vram 


RAM hold voltage 


When clock is stopped. 


2 






V 


Ice 


Power supply current 


Output only pin is 
open and other pins 
are Vss during reset. 


f(X|N)=25MHz, 
square waveform 




19 


38 


mA 


Ta=25°C when clock 
is stopped. 






1 


mA 


Ta=85°C when clock 
is stopped. 






20 



A-D CONVERTER CHARACTERISTICS (Vcc=5V,Vss=0V,Ta=25°C,f(X,N)=25MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


- 


Resolution 


Vref=Vcc 






8 


Bits 


- 


Absolute accuracy 


Vref=Vcc 






±3 


LSB 


Rladder 


Ladder resistance 


Vref=Vcg 


2 




10 


kn 


tcONV 


Conversion time 




9.12 






MS 


Vref 


Reference voltage 




2 




Vcc 


V 


V,A 


Analog input voltage 









Vref 


V 
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TIMING REQUIREMENTS (Vcc=5V±10%, Vss=OV, Ta=25°G, unless otherwise noted) 

External clock input 



Symbol 


Parameter 

- 


Limits 


Unit 


8 MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


to 


External clock input cycle time 


125 




62 




40 




ns 


tw(H) 


External clock input high-level pulse width 


50 




25 




15 




ns 


tw(L) 


External clock input low-level pulse width 


50 




25 




15 




ns 


«r 


External clock rise time 




20 


, 


10 




8 


ns 


.f 


External clock fall time 




20 




10 




8 


ns 



Microprocessor mode 



Symbol 


Parameter 


Limits 


Unit 


8 MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tsu(DH— E) 


Data high-order input setup time 


60 




45 




30 




ns 


tsU(DL— E) 


Data low-order input setup time 


60 




45 




30 




ns 


tsU(P4D— E) 


Port P4 input setup time 


200 




100 




60 




ns 


tsU(P5D— E) 


Port P5 input setup time 


200 




100 




60 




ns 


tsU(P6D— E) 


Port P6 input setup time 


200 




100 




60 , 




ns 


^^SU(P7D— E) 


Port P7 input setup time 


200 




100 




60 




ns 


tsU(P8D— E) 


Port P8 input setup time 


200 




100 




60 




ns 


tsU(RDY— <*p 


RDY input setup time 


70 




60 




55 




ns 


tsU(HOLD— «i|) 


HOLD input setup time 


70 




60 




55 




ns 


th(E-DH) 


Data high-order input hold time 


0^ 














ns 


th(E— DL) 


Data low-order input hold time 

















ns 


th(E— P4D) 


Port P4 input hold time 

















ns 


th(E-P5D) 


Port P5 input hold time 

















ns 


th(E-P6D) 


Port P6 input hold time 

















ns 


th(E— P7D) 


Port P7 input hold time 

















ns 


th(E-P8D) 


Port PS input hold time 

















ns 


th(^1-RDY) 


RDY input hold time 

















ns 


th(^l-HOLD) 


HOLD input hold time 

















ns 
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16-BIT CMOS MICROCOMPUTER 



Timer A 


input (Count input in event counter mode) 










Symbol 


Parameter 


Limits 


Unit 


8 MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TA) 


TAiiN input cycle time 


250 




125 




80 




ns 


tw(TAH) 


TAiiN input high-level pulse width 


125 




62 




40 




ns 


tw(TAL) 


TAiiN input low-level pulse width 


125 




62 




40 




ns 



Timer A input (Gating input in timer mode) 



Symbol 


Parameter 


Limits 


Unit 


8 MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TA) 


TAliN input cycle time 


1000 




500 




320 




ns 


tw(TAH) 


TAiiN input high-level pulse width 


500 




250 




160 




ns 


tw(TAL) 


TAiiN input low-level pulse width 


500 




250 




160 




ns 



Timer A input (External trigger input in one-shot pulse mode) 



Symbol 


Parameter 


Limits 


Unit 


8 MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TA) 


TAiiN input cycle time 


500 




250 




160 




ns 


tw(TAH) 


TAiiN input high-level pulse width 


250 




125 




80 




ns 


tw(TAL) 


TAiiN input low-level pulse width 


250 




125 




80 




ns 



Timer A input (Extemal trigger Input in pulse width modulation mode) 



Symbol 


Parameter 


Limits 


Unit 


8 MHz 


16MHz 


25MHz 


Min. 


Max. 


Min.. 


Max. 


Min. 


Max. 


tw(TAH) 


TAliN input high-level pulse width 


250 




125 




80 




ns 


tw(TAL) 


TAiiN input low-level pulse width 


250 




125 




80 




ns 



Timer A input (up-down input in event counter mode) 



Symbol 


Parameter 


Limits 


Unit 


8 MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(up) 


TAiouT input cycle time 


5000 




2500 




2000 




ns 


tw(UPH) 


TAiouT input high-level pulse width 


2500 




1250 




1000 




ns 


tw(UPL) 


TAiouT input low-level pulse width 


2500 




1250 




1000 




ns 


tsu(UP-TiN) 


TAiouT input setup time 


1000 




500 




400 




ns 


th(TiN-UP) 


TAIouT input hold time 


1000 




500 




400 




ns 
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Tiin©r B input (count input m event counter mode) 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MH2 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TB) 


TBIiN Input cycle time (one edge count) 


250 




125 




80 




ns 


tw(TBH) 


TBiiN input high-level pulse width (one edge count) 


125 




62 




40 




ns 


tw(TBL) 


TBIiN Input low-level pulse width (one edge count) 


125 




62 




40 




ns 


tc(TB) 


TBiiN input cycle time (both edges count) 


500 




250 




160 




ns 


tw(TBH) 


TBIiN input high-level pulse width (both edges count) 


250 




125 




80 




ns 


tw(TBL) 


TBiiN Input low-level pulse width (both edges count) 


250 




125 




80 




ns 



Tim©r B input (Pulse period measurement mode) 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TB) 


TBIiN input cycle time 


1000 




500 




320 




ns 


tw(TBH) 


TBiiN input high-level pulse width 


500 




250 




160 




ns 


tw(TBL) 


TBIiN input low-level pulse width 


500 




250 




160 




ns 



Tiin©r B input (Pulse width measurement mode) 



Symbol 


Parameter 


Limits 


Unit ■ 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TB) 


TBiiN input cycle time 


1000 




500 




320 




ns 


tw(TBH) 


TBiiN Input high-level pulse width 


500 




250 




160 




ns 


tw(TBL) 


TBiiN input low-level pulse width 


500 




250 




160 




ns 



A-D trigger input 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(Ap) 


ADtrg input cycle time (minimum allowable trigger) 


2000 




1000 




1000 




ns 


tw(ADL) 


ADtrg input low-level pulse width 


250 




125 




125 




ns 



Serial I/O 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(CK) 


CLKj input cycle time 


500 




250 




200 




ns 


tw(CKH) 


CLKj input high-level pulse width 


250 




125 




100 




ns 


tw(CKL) 


CLKj input low-level pulse width 


250 




125 




100 




ns 


td(c-Q) 


TxDj output delay time 




150 




90 




80 


ns 


th(c-Q) 


TxDj hold time 


30 




30 




30 




ns 


tsu(D— C) 


RxDj input setup time 


60 




30 




20 




ns 


th(C-D) 


RxDj input hold time 


90 




90 




90 




ns 



External interrupt INTj input 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tw(lNH) 


INTi input high-level pulse width 


250 




250 




250 


■, ' 


ns 


tw(lNL) 


INTj input low-level pulse width 


250 




250 




250 




ns 
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SWITCHING CHARACTERISTICS (Vcc=5V±10%, Vss=OV, Ta=25°C, unless otherwise noted) 

Microprocessor mode (when wait bit = t ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


8 MHz 


16MHz 


25 MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tcl(AL-E) 


Address low-order output delay time 


Fig. 63 


100 




30 




12 




ns 


td(E— DHQ) 


Data high-order output delay time (BYTE="L") 




110 




70 




45 


ns 


tpXZ(E— DHZ) 


Floating start delay time (BYTE="L") 




,5 




5 




5 


ns 


tdCAM-E) 


Address middle-order output delay time 


100 




30 




12 




ns 


td(AM-ALE) 


Address middle-order output delay time 


80 




24 




5 




ns 


td(E— DLQ) 


Data low-order output delay time 




110 




70 




45 


ns 


tpXZ(E— DLZ) 


Floating start delay time 




5 




5 




5 


ns 


td(AH-E) 


Address high-order output delay time 


100 




30 




12 




ns 


td(AH— ALE) 


Address high-order output delay time 


80 




24 




5 




ns 


td(<6i-HLDA) 


HLDA output delay time 




100 




50 




50 


ns 


td(ALE-E) 


ALE output delay time 


4 




4 




4 




ns 


_ tw(ALE) 


ALE pulse width 


90 




35 




22 




ns 


tcl(BHE-E) 


BHE output delay time 


100 




30 




20 




ns 


td(R/W— E) 


R/W output delay time 


100 




30 




20 




ns 


td(E-.?4l) 


9^1 output delay time 





30 





20 





18 


ns 


th(E-AL) 


Address low-order hold time 


50 




25 




18 




ns 


th(ALE— AM) 


Address middle-order hold time (BYTE="L") 


9 




9 




9 




ns 


th(E— DHQ) 


Data high-order hold time (BYTE="L") 


50 




25 




18 




ns 


tpZX(E— DHZ) 


Floating release delay time (BYTE="L") 


50 




25 




18 




ns 


th(E-AM) 


Address middle-order hold time ( BYTE="H" ) 


50 




25 




18 




ns 


th(ALE— AH) 


Address high-ordier hold time 


9 




9 




9 




ns 


th(E— DLQ) 


Data low-order hold time 


50 




25 




18 




ns 


tpZX(E— DLZ) 


Floating release delay time 


50 




25 




18 




ns 


th(E-BHE) 


BHE hold time 


18 




18 




18 




ns 


th(E— R/W) 


R/W hold time 


18 




18 




18 




ns 


td(E-P4Q) 


Port P4 data output delay time 




200 




100 




80 


ns 


tc|(E-P5Q) 


Port P5 data output delay time 




200 




100 




80 


ns 


td(E-P6Q) 


Port P6 data output delay time 




200 




100 




80 


ns 


td(E-P7Q) 


Port P7 data output delay time 




200 




100 




80 


ns 


td(E— P8Q) 


Port P8 data output delay time 




200 




100 




80 


ns 


tw(EL) 


E pulse width 


220 


■ 


95 




50 




ns 
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MiCrOprOCGSSOr mOdG (when wait bit = "6", and external memory area is accessed) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


8 MHz 


16MHz 


25 MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


td(AL-E) 


Address low-order output delay time 


Fig.63 


100 




30 




12 




ns 


td(E— DHQ) 


Data high-order output delay time (BYTE="L") 




110 




70 




45 


ns 


tpXZ(E— DH2) 


Floating start delay time (BYTE^-'L") 




5 




5 




5 


ns 


td(AM-E) 


Address middle-order output delay time 


;100 




30 - 




12 




ns 


td(AM— ALE) 


Address middle-order output delay time 


80 




24 




5 




ns 


td(E-DLQ) 


Data low-order output delay time 




110 




70 




45 


ns 


tpxz(E— DLZ) 


Floating start delay time 




5 




5 




5 


ns 


td(AH-E) 


Address high-order output delay time 


100 




30 




12 




ns 


td(AH— ALE) 


Address high-order output delay time 


80 




24 




5 




ns 


' td(<*i — HLDA) 


HLDA output delay time 




100 




50 




50 


ns 


td(ALE-E) 


ALE output delay time 


4 




4 




4 




ns 


tw(ALE) 


ALE pulse width 


90 




35 




22 




ns 


td(BHE— E) 


BHE output delay time 


100 




30 




20 




ns 


td(R/W-E) 


R/W output delay time 


100 




30 




20 




ns 


td(E-0i) 


^ 1 output delay time 





30 





20 





18 


ns 


th(E-AL) 


Address low-order hold time 


50 




25 




18 




ns 


th(ALE— AM) 


Address middle-order hold time (BYTE="L") 


9 




9 




9 




ns 


th(E-DHQ) 


Data high-order hold time (BYTE="L") 


50 




25 




18 




ns 


tpZX(E— DH2) 


Floating release delay time (BYTE="L") 


50 




25 




18 




ns 


th(E-AM) 


Address middlerorder hold time (BYTE="H") 


50 




25 




18 




ns 


th(ALE-AH) 


Address high-order hold time 


9 




9 




9 




ns 


th(E— DLQ) 


Data low-order hold time 


50 




25 




1,8 




ns 


tpZX(E— DLZ) 


Floating release delay time 


50 




25 




18 




ns 


th(E-BHE) 


BHE hold time 


18 




18 




18 




ns 


th(E— Pl/W) 


R/W hold time 


18 




18 




18 




ns 


td(E-P4Q) 


Port P4 data output delay time 




200 




100 




80 


ns 


td(E-P5Q) 


Port P5 data output delay time 




200 




100 




80 


ns 


td(E-P6Q) 


Port P6 data output delay time 




200 




100 




80 


ns 


td(E-P7Q) 


Port P7 data output delay time 




200 




100 




80 


ns 


td(E— P8Q) 


Port P8 data output delay time 




200 




100 




80 


ns 


tw(EL) 


E pulse width 


470 




220 




130 




ns 




Fig. 63 Testing circuit for each terminai 
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TIMING DIAGRAM 

f(X,N) ' 




Port P4 output 
Port P4 input 
Port P5 output 
Port P5 input 
Port P6 output 
Port P6 input 

Port P7 output 
Port P7 input 

Port P8 output 
Port P8 input 



tsU(P4D-E) 



X 



td(E-p- 



/ l4j|^ 



tsU(P5D-E) 



J 



tsu(P6D-E) 



r 



tsU(P7D-E 



r:^ 



tsU(P8D-E) 



td(E-P5Q) 



th(E-P5D) 



X 



td(E-P6Q) 



th(E-P6D) 



X 



td(E-P7Q) 



\ 



th(E-P70) 



X 



td(E-P8Q) 



/ *-»^ th(E-P8D) 
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TAiifg input 



TAiouT input 




TAiouT input 
(Up-down input) 



In Event counter mode 



TBiiN Input 



ADtRQ input 



CLKj 



TxD-, 



RxDi 



TAiiN Input 

(When count by falling) 



TAiifM input 

(When count by rising) 



>: 



th(TiN-UP) 



V 



|(UP-T|n\ 



tsu( 

c ^ 



J 



Tc(TB) 




INTj input 



\ 



VdNH) 



^^^ 
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Microprocessor mode 

(When wait bit = "1") 



RDY input 



"V_y — V 



\ 



tsU(RDY-«li) 
^ 5, 



r' 



/ 



th(9*1-RDY) 



^ _ >. 



(When wait bit = "0") 



RDY input 



v 



\ 



tsU(RDY-#l) 
^ 



r 



th(01-RDY) 



< ^ 



(When wait bit = "1" or "0" in common) 



HOLD input 



HLDA output 



J 

tsU(HOLC 




[ ^ 




\ r\ r\ 


th(* 


J \ / 

1-HOLD) 




^ r\^ 


' ^ 


^ 


> 


/ 








tcl(>1-HLDA) 






td(0i-HLDA) 
1^ 


' 




^ 


"^ 


/ 


^ 








"A 






/ 



Test conditions 
•Vcc=5V±10% 

• Input timing voltage : V,l=1. OV, V|h=4. OV 

• Output timing voltage : Vol=0. 8V, Voh=2. OV 
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Microprocessor mode (When wait bit = "1") 



f(X,M) 






Ao~A7 output 



As/Ds-Ais/Dis 

output 

(BYTE="L") 



A8~Ai5 output 
,(BYTE="H") 

D8~Di5 input 



Ai6/Do~A23/D7 

output 
Do~D7 input 



ALE output 



BHE output 



R/W output 




Test conditions 

• Vcc=5V±10% 

• Output timing voltage : Vol=0. 8V, Voh=2. OV 

• Do~Di5 input : V,L=0. 8V, V,h=2. 5V 
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Microprocessor mode (when wait bit = "0", and external memory area is accessed) 



f(X,N) 




Ao—Ay output 



A8/D8~Ai5/Di5 

output 
(BYTE="L") 



A8~Ai5 output 
(BYTE="H") 



D8~Di5 input 



Aie/Do—Aas/Dy 
output 



Do~D7 input 



ALE output 



BHE output 



R/W output 



th(ALE-AM) 



Address 



td(AM-ALE) 
< ^ 



th(ALE-AH) 



Address 



td(AH-ALE) 



K 



X 



V 



th(E-AL) 



th(E-DHQ) 



Data 



td(E-DHQ) 



th(E-AM) 



th(E-DLQ) 



td(E-DLQ) 



tw(ALE) 



td(BHE-E) 



td(R/W-E) 



td(AL-E) 



>: 



:( 



Address 



td(AM-E) 



Address 



td(AH-E) . 



ft 



Address 



tpxZ(E-DHZ) 



> 



Address 



IPXZ(6-DLZ) 



"^ t(j(ALE-E) 



•*-* th(E-rBHE) 

JCZI 



t|l(E-R/W) 



tpzx(E-DHZ) 



■c 



X 



*- th(E-DH) 



-( 



tpzX(E-DLZ) 



- th(E-DL) 



Test conditions 

• Vcc=5V±10% 

• Output timing voltage : Vol=0. 8V, Voh=2. OV 

• Do~Di5 input : V,u=0. 8V, V,h=2. 5V 
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ADDRESSING MODES 

The MELPS 7700 microcomputers support 28 different 
addressing modes, offering extremely versatile and power- 
ful memory accessing capability. 

When executing an instruction, the address of the memory 
location from which the data required for arithmetic opera- 



tion is to be retrieved or to which the result of arithmetic 
operation is to be stored must be specified address during 
program execution. Addressing refers to the method of 
specifying the memory address. 
Actual addressing modes are now described by type. 



Mode : Implied addressing mode 

Function ! The single-instruction inherently address an 
internal register. 



Instruction : BRK, CLC, CLI, CLM, CLV, 

DEX, DEY, INX, INY, NOP, 

RTI, RTL, RTS, SEC, SEI, 

SEM, SIP, TAD, TAS, TAX, 

TAY, TBD, TBS, TBX, TBY, 

TDA, TDB, TSA, TSB, TSX, 

TXA, TXB, TXS, TXY, TYA, 

TYB, TYX, WIT, XAB 



PS 







.* Mnemonic 
CLC 










Machine code 

18i6 


c 


X 
A 


ex. 




: Mnemonic 
TXA 
(m = 0, X = 1) 






































> 











































'' Mnemonic Machine code 
TXA 8Ai6 
(m = 1,x = 0) 




Machine code 
8Ai6 












The upper-byte 

is not transferred. \/ 






, Y 




V 
























(Note) When the data length differ between the transfer-from and trans- 
fer-to locations, data is transferred at the data length for the 
transfer-to location. If, however, the index register is specified as 
the transfer-to .location and the x flag is set to 1, 0016 is sent as 
the upper byte value. 
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Mode : Immediate addressing mode 

Function !A portion of the instruction is the actual data. 
Such instruction code may cross over the bank 
boundary. 



Instruction .ADC, AND, CLP, CMP, CPX, 

CPY, DIV, EOR, LDA, LDT, 

LDX, LDY, MPY, ORA, RLA, 
SBC, SEP 



: Mnemonic 
ADC A,#0A5H 

(m = 1) 



Machine code 
69i6 A5i6 



.' Mnemonic 
ADC A,#0A5B7H 
(m = 0) 



Machine code 
69i6 B7i6 A5i6 



Memory 



8-bit width 
A-A+C+ 



I A5i6 I 



Op Code (69i6) 



Operand (AS^g) 



[pg] OOOO16 



Program 
Bank Register 
[pg] FFFF,6 



y Program 
bank-PG 



16-bit width 



A-A+C+ 



A5i6 1 B7i6 



Memory 



Op Code (69i6) 



Operand (BTig) 



Operand (ASie) 



[pg] OOOO16 



Program 
Bank Register 

[pg] FFFF.e 



\ Program 
^ bank-PG 



; Mnemonic 
LDX #0A5H 

(x=1) 



Machine code 
A2i6 A5i6 



: Mnemonic 
LDX #0A5B7H 

(x = 0) 



Machine code 
A2,6 B7i6 A5i6 



Memory 



8-bi,t width 



A5i6 — 



Op Code (A2i6) 



Operand (ASne) 



[pg] OOOO16 



Program, 
Bank Register 

[pg| . FFFF16 



Program 
bank-PG 



16-bit width 



X^ 



A5i6 1 B7i6 



Memory 



Op Code (A2u 



Operand (B7i6) 



Operand (ASie) 



[pg] OOOO16 



Program 
Bank Register 
[pg] FFFF,6 



Program 
bank-PG 
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Mode ! Accumulator addressing mode 

Function '. The contents of accumulator are the actual data. 

ex. 



I Mnemonic 


Machine code 


ROL A 


2Ai6 


(m = 1) , 





instruction : ASL, DEC, INC, LSR, ROL, 
ROR 









b7 bO 



































Carry flag 



Accumulator A 



Mnemonic 


Machine code 


ROL A 


2Ai6 


(m = 0) 











b15 bO 














































■ 





Carry flag 



Accumulator A 
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Mode 



: Direct addressing mode 



Function '- The contents of the bank-0 memory location spe- 
cified by the result of adding the second byte of 
the instruction to the contents of the direct page 
register become the actual data. If, however, 
addition of the instruction's second byte to the 
direct page register's contents result in a value 
that exceeds the banl<-0 range, the specified 
location will be in bank-1 



Instruction : ADC, AND, ASL, CMP, CPX, 

CRY, DEC, DIV, EOR, INC, 

LDA, LDM, LDX, LDY, LSR, 

MPY, ORA, ROL, ROR, SBC, 

STA, STX, STY 



'. Mnemonic 
ADC A,02H 

(m = 1) 



Machine code 
65i6 02i6 



: Mnemonic 
ADC A,02H 
(m = 0) 



Machine code 
65i6 02i6 



Memory 



-A + C-l- 



DATA ^ 



DATA 



Op Code (65^6) 



Operand (02i6) 



OOOOie 



1236i6^ 



Bank-0 



A-A4-C + 



FFFF„ ^ 

Direct page 
register 



DATAh I DATAl 



+ 1234,6 =1236i6 



Memory 



DATAl 



DATAh 



Op Code(65i6) 



Operand (OZig) 



OOOOie 



1236.6^ 



Bank-0 



FFFF16 

Direct page 
register 



= 1236ie 



.* Mnemonic 
LDX 02H 

(x = 1) 



Memory 



XH DATA K 



DATA 



Opcode (A616) 



Operand (02i6) 



Machine code 
A616 02n6 



OOOOie 



1236i6< 



FFFF16 

Direct page 
register 



DATAh I DATAl 



Mnemonic 
LDX 02H 

(x = 0) 

Memory 



1234« 



= 1236ie 



DATAl 



DATAl 



Op Code (ABie) 



Operand (02i6) 



Machine code 
A616 02i6 



1236i6^ 



FFFF„ 



Bank-0 



•^^ Direct page 
register 



1234i6 = 1236if 
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Mode 



: Direct bit addressing mode 



Function ! Specifies the banl<-0 memory location by tlie 
value obtained by adding the instruction's second, 
byte to the direct page register's contents, and 
specifies the positions of multiple bits in the 
memory location by the bit pattern in the third 
and fourth bytes of the instruction (third byte only 
when the m flag is set to 1). If, however, addition 
of the instruction's second byte to the direct page 
register's contents result in a value that exceeds 
the bank-0 range, the specified location will be in 
bank-1 



Instruction : CLB, SEB 



! Mnemonic 
CLB #5AH, 04H 

(m = i) 



Machine code 
14i6 04i6 5Ai6 



: Mnemonic 
CLB #5AA5H, 04H 
(m = 0) 



Machine code 

14i6 04i6 A5i6 5Ai6 



Memory 



? 9 9 ? 7 9 9 



Op Gode (14i6) 



Operand (04,6) 



Operand. (SA^e) 



001238n 



Direct page 
register 



}Bank-0 



1234ie 



= 1238i6 



? ? ? 



001238ie 



Mennory 



Op Code (14i6) 



Operand (04i6) 



Operand (ASie) 



Operand (SAig) 



001238i6 



Direct page 
register 



> Bank-O 



+ 1234i6 = 1238ie 



001238i( 
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Mode 



: Direct indexed X addressing mode 



Function '. Tlie contents of the banl<-0 mennory location spe- 
cified by the result of adding the second byte of 
the instruction, the contents of the direct page 
register and the contents of the index register X 
become the actual data. If, however, addition of 
the instruction's second byte, the direct page 
register's contents and the index register X's con- 
tents results in a value that exceeds the bank-0 
or bank-1 range, the specified location will be in 
bank-1 or bank-2. 



instruction : ADC, AND, ASL, CMP, DEC, 
DiV, EOR, INC, LDA, LDM, 
LDY, LSR, IWPY, ORA, ROL, 
ROR, SBC, STA, STY 



: Mnemonic 
ADC A,1EH,X 
(m = 1,x = 1) 



Machine code 
75i6 IE16 



'. Mnemonic 
ADC A,1EH,X 
(nfi = 0, x = 1) 



Machine code 
75i6 IE16 



Aj-A + C-j- 

I DATA I ^ 



Memory 



Op Code (75i6) 



OperandClEie) 



OOOO16 



> Bank-0 



1338«-^ 



FFFR« 



A-A-j-C-l- 



■ Direct page Index 
register register X 

H-|l234i6|-Hr !E6i6|=1338i6 



DAT Ah I DATAl 



Memory 



DATAl 



DATAh 



Op Code (75i6) 



Operand (lEig) 



0000,, 



1338i6< 



FFFFie 



Bank-0 



Direct page Index 
register regist er X 

+ 1 1234i6 I + I |E6i6l = 1 338ie 



ex. 



: Mnemonic 
ADC A,1EH,X 
(m = 1,x=0) 



Machine code 
75i6 1E,6 



: Mnemonic 
ADC A,1EH,X 
(m = 0, x = 0) 



Machine code 
75i6 IE16 



A^-A + C-H 

[data]- 



Memory 



DATA 



Op Code (75i6) 



Operand (lEig) 



OOOO1 
4338i6^ 



> Bank-0 



FFFFie 

^ Direct page Index 
registe r registe rX 

4-|l234te|+| SOESisI =41 



A-A + C-l- 



DATAh I DATAu 



Memory 



DATAl 



DATAh 



Op Code (75i6) 



Operand (lE-ig) 



OOOOk 



4338,6 ^ 



Bank-0 



FFFFie 

'Direct page Index 
registe r register X 

-f-|l234i6 1 4- 1 3OE616 I = 4338,e 
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MVInemonic 
LDY 1EH,X 

(x=1) 



Machine code 
B4i6 IE16 



Memory 



Y^ DATA <- 



Op Code(B4i6) 



*' Operand (lE^e) 



OOOOie 



1338ie^ 



FFFF.e 



Bank-0 



Direct page index 
register register X 

+ I" 1234,61+1 I E616 I =1338i6 



'. Mnemonic 
LDY 1EH,X 

(x = 0) 



Machine code 
B4ie IE16 



Memory 



DATAh I DATAu 



DATA',. 



DATAh 



Op Code (B4i6) 



Operand (lEig) 



OOOO16 "l 
4338i6 ^ 



> Bank-0 



FFFF16 ^ 

Direct page Index 
register register X 

+ I 1234i6 I + { 3OE616 I = 4338i6 
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Mode : Direct indexed Y addressing mode 

Function '. Tiie contents of the banl<-0 memory location spe- 
cified by the result of adding the second byte of 
the instruction, the contents of the direct page 
register and the contents of the index register Y 
become the actual data. If, however, addition of 
the instruction's second byte, the direct page 
register's contents and the index register Y's con- 
tents results in a value that exceeds the bank-0 
or bank-1 range, the specified location will be in 
bank-1 or bank-2. 



Instruction : LDX, STX 



'> Mnemonic 
LDX 02H,Y 

(x = 1) 



Machine code 
B616 02i6 



Memory 



X ^ DATA ^ 



Op Code (B616) 



Operand (02i6) 



OOOOtc 



131Ci6^ 



FFFRe 



Direct page Index 
register registe r Y 

+ \ 1234i6 l + l E616 I =131Ci, 



'. Mnemonic 
LDX 02H,Y 

(x = 0) 



Machine code 
B616 02i6 



DATAh I DATAl 



Memory 



DATAl 



DATAh 



Op Code (B616) 



Operand (02i6) 



OOOOie 



131Ci6^ 



FFFF16 

Direct page Index 
register register Y 

+ I 1234i6l + I 0OE6i6|= I3IC16 



MITSUBISHI 
kH-ECTRIC 



2-305 



MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 



Mode 



Direct indirect addressing mode 



Function ! The value obtained by adding the instruction's 
second byte to the contents of the direct page 
register specifies 2 adjacent bytes in memory 
bank-0, and the contents of these bytes in mem- 
ory bank-DT (DT Is contents of data bank 
register) become the actual data. If, however, the 
value obtained by adding the instruction's second 
byte and the direct page register's contents ex- 
ceeds the bank-0 range, the specified location 
will be in bank-1. 



instruction : ADC, AND, CMP, DIV, EGR, 
LDA, MPY, ORA, SBC, STA 



'. Mnemonic 
ADC A,(1EH) 

(m = 1) 



Machine code 
72i6 IE16 



'. Mnemonic 
ADC A,(1EH) 

(m==0) 



Machine code 
72i6 IE16 



-^ 1252i, 
1253i, 



Direct page 
register 

L— I 1234,6 I + 



A-A+C+ 



DATA *- 



Memory 



DATA I (Olie) 



DATAE (12i6) 



Op Code (72,6) 



Operand (lEie) 



DATA 



Bank-0 



Data bank 
r egiste r 

I DT I I2OI1, 



Mennory 



1252ie 
1253i6 



Direct page 
register 

- I 1234i6 I + 



-A-HC + 



DATAh I DATAl 



DATA I (01,6) 



DATAE (12i6) 



Op Code (72i6) 



Operand (lEie) 



DATAl 



DATAh 



Bank-0 



Data bank 
register 
[ptI 120I1, 
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Mode : Direct indexed X indirect addressing mode 

Function ".The value obtained by adding the instruction's 
second byte, tlie contents of the direct page re- 
gister and the contents of the index register X 
specifies 2 adjacent bytes in memory bank-0, and 
the contents of these bytes in memory bank-0, 
and the contents of these bytes In memory bank- 
DT (DT Is contents of data bank register) be- 
come the actual data. If, however, the value 
obtained by adding the Instruction's second byte, 
the direct page register's contents and the Index 
register X's contents exceeds the bank-0 or 
bank-1 range, the specified location will be in 
bank-1 or bank-2 



Instruction : ADC, AND, CMP, DIV, EOR, 
LDA, MPY, ORA, SBC, STA 



: Mnemonic 
ADC A, (1EH,X) 
(m = 1,x = 1 ) 



Machine code 

61 16 1Ei6 



A^A-hC-|- | DATA 1 ^ 



Memory 



DATA I (OOie) 



DATAE (Uie) 



Opcode (61i6) 



Operand (lEis) 



DATA 



OOOOie 



1338u 



FFFFie 



Bank-0 



Direct page Index 
register register X 

+ I 1234^6 I + I i E6,6 I =1338ie 



Data bank 
register 

I Dt| 1400ie 



Program 
bank-PG 
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'. Mnemonic 
ADC A, (1EH,X) 
(m = 0, x = 1 ) 



Machine code 
61 16 "lEie 



A «H- A + C + DATAh ' DATAl 



Memory 



DATA I (OOie) 



DATAH (14i6) 



Op Code (eiie) 



Operand (1E,e) 



DATAl 



DATAh 



OOOOk 



1338ie 



FFFF« 



Bank-0 



Direct page index 
register register X 

+ 1 1234i6 1+1 j E6i6i=13 



Data bank 
register 

[W]l400i6 



Program 
bank-PG 



; Mnemonic 
ADC A, (1EH,X) 
(m = 1,x = 0) 



Macliine code 

61 16 1Ei6 



A — A + C+ DATA 



Memory 



DATAl (OOie) 



DATAE (14i6) 



Op Code (eiie) 



Operand (lEie) 



lOOOOn 



10338i6^- 



> Bank-1 



1FFFF„ 



Direct page index 

register register X I Program 

+ 1 1234i6 I + 1 FOE616 I =10338i6 I bank-PG 



Data bank 
register 

I DT | l400i( 
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©X. : Mnemonic 

ADC A, (1EH,X) 
(m = 0, x = ) 



Machine code 
6I16 IE16 



A*-A + C+ DATAh I DATAl 



Memory 



DATA I (OOie) 



DATAE (14,6) 



Op Code (61 le) 



Operand (lEig) 



DATAl 



DATAh 



lOOOOie 



10338i6 <■ 



> Bank-1 



1FFFF,6 



Direct page index 
register register X I Program 

"^ I ""^^^le I + I FOE616 I =10338i6 I bank-PG 



Data bank 
register 

I DT I 1400,e 
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Mode 



: Direct indirect indexed Y addressing mode 



Function I Tlie value obtained by adding tlie Instruction's 
second byte and the contents of tiie direct page 
register specifies 2 adjacent bytes in memory 
bank-0. 

The value obtained by adding the contents of 
these bytes and the contents of the index register 
Y specifies address of the actual data in memory 
bank-DT (DT Is contents of data bank register). 
If, however, the value obtained by adding the 
contents of the Instruction's second byte and the 
direct page register exceeds the bank-0 range, 
the specified location will be in bank-1 . Also, if 
addition of the contents of memory and Index 
register Y generate a carry, the bank number will 
be 1 larger than the contents of the data bank 
register. 



Instruction : ADC, AND, CMP, DIV, EOR, 
LDA, MPY, ORA, SBC, STA 



: Mnemonic 
ADC A, (1EH),Y 
(m = 1,x = 1 ) 



Machine code 
71i6 1E,6 



Memory 



1252„ 
1253ie 



Direct page 
register 

— 1 1234,6 I + 



A^A + C+ DATA [^ 



DATA I (Olie) 



DATAH (12i6) 



Op Code (71 is) 



Operand (lEie) 



Bank-0 

Index 
register Y 

^ + 1 j E6i6 J =12E7ie 



Data bank 
register 

rOTl 12E7,6 
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; Mnemonic 
ADC A, (1EH),Y 
(m = 0, X = 1 ) 



Machine code 

71 16 1Ei6 



^1252i6 
1253.6 



Direct page 
register 

-I 1234^6 I + 



A-A+C+ 



DATAh I DATAl 



MQmoty 



DATA I (die) 



DATAn (12ie) 



Op Code (71,6) 



Operand (lEis) 



DATAu 



DATAh 



Bank-0 

Index 
register Y 

■+| iE6iJ-12E7,e 



Data bank 
register 

[dt] 12E7,e 



Mnemonic 
ADC A, (1EH),Y 
(m = 1,x = 0) 



Macliine code 

71 16 1Ei6 



-^» i^o^ie 



1252,, 
1253i6 



Direct page 
register 

-I 1234,6 1 + 



A^A + C+ DATA 



Memory 



DATA I (01 le) 



DATAH (12,6) 



Op Code (71 le) 



Operand (lE^s) 



Bank-0 
> Index 
r egister Y 

+ 1 FOE616 |=102E7„ 



Data bank 
register 

[pT]+1,02E7i6 
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: Mnemonic Machine code 

ADC A, (1EH),Y 71i6 lE^e 

(m = 0, x?=0) 



Memory 



-^ 1252,6 
1253i6 



Direct page 
register 

- I 1234,e I + 



A-A+C+ 



DATAh ' DATAl 



DATA I (Oils) 



DATAH (12i6) 



Op Code {7U) 



Operand (lEie) 



DATAl 



DATAh 



Bank-0 

Index 
register Y 

+ 1 FOE616 |=102E7« 



> Data bank 
regis ter 
[ot]+i,02E7„ 
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Mode i Direct indirect long addressing mode 

Function : Tlie value obtained by adding the instruction's 
second byte and the contents of the direct page 
register specifies 3 adjacent bytes in memory 
bank-0, and the contents of these bytes specify 
the address of the memory location that contains 
the actual data. If, however, the value obtained by 
adding the contents of the instruction's second 
byte and the direct page register exceeds the 
bank-0 range, the specified location will be in 
bank-1. The 3 adjacent bytes memory location 
may be spread over two different banks. 



Instruction : ADC, AND, CMP, DIV, EOR, 
LDA, MPY, ORA, SBC, STA 



: Mnemonic 
ADCL A, (1EH) 

(m=1) 



Machine code 
67i6lEi6 



'• Mnemonic 
ADCL A, (1EH) 
(m=0) 



Machine code 
67i6lEi6 



Memory 



-^1252i 
1253i 
1254. 



Direct page 
register 

-I 1234ie I + 



A ^ A + C +1 DATA -^ 



DATA I (EF^e) 



DATA n (Oils) 



DATA m (12i6) 



Op Code (67i6) 



Operand (lEig) 



Bank-0 



1201EF« 



Memory 



-1252ie 
1253i( 
1254i, 



Direct page 
register 



A^A + C+ DATAh I DATAl -e- 



DATAKEFie) 



DATAH (Olie) 



DATAin(12i6) 



Op Code(67i6) 



OperanddEie) 



DATAl 



DATAh 



Bank-0 



1201 EFi< 
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Mode 



'. Direct indirect long indexed Y addressing mode 



Function : Tlie value obtained by adding the instruction's 
second byte and tlie contents of tlie direct page 
register specifies 3 adjacent bytes in memory 
banf<-0, and tlie value obtained by adding tlie 
contents of these bytes and the contents of the 
index register Y specifies the address of the 
memory location where the actual data is stored. 
If, however, the value obtained by adding the 
contents of the instruction's second byte and the 
direct page register exceeds the bank-0 range, 
the specified location will be in bank-1. The 3 
adjacent bytes memory location may be spread 
over two different banks. 



Instruction : ADC, AND, CMP, DIV, EOR, 
LDA, MPy, ORA, SBC, STA 



'. Mnemonic 
ADCLA,(1EH) 
(m=1,x=1) 



Machine code 
77i6lE,6 



Memory 



-^1252i, 
1253i, 
1254i, 



Direct page 
register 

-I 1234.e I + 



A-A+C+ 



DATA I (EFis) 



DATA n (01 16) 



DATA in (12i6) 



Op Cocie(77i6) 



Operand(1Ei6) 



DATA 



Bank-0 

Index 
register Y 

.+1 ; 21,6 1 = 



= 120210i6 



I202IO16 ^- 
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'. Mnemonic 
ADCL A,(1EH),Y 
(m=0,x=1) 



Machine code 
77i6lEi6 



-^1252i6 
1253^6 
1254i6 



Direct page 
register 

-I 1234i6 1 + 



A *- A 4- C + DATAh ' DATAl -^ 



Memory 



DATAKEFie) 



DATAH (Oils) 



DATAin(12i6) 



Op Code(77i6) 



Operand(1Ei6) 



DATAl 



DATAh 



Bank-0 

Index 
register Y 



2171 =120210i6 



I202IO16 ^- 



: Mnemonic 
ADCL A,(1EH), Y 
(m=1,x=0) 



Maciiine code 
77i6lEi6 



Memory 



► 1252i, 
1253i, 
1254,, 



Direct page 
register 

-I 1234,6 I + 



A^A + C+ I DATA 1 ^ 



DATAKEFie) 



DATAn(01i6) 



DATAl]I(12i6) 



Op Code(77i6) 



OperandClEie) 



Bank-0 

Index 
register Y 

-^ +1 E521i6 I =12E710i6 



12E710i6 -^ 
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i Mnemonic 
ADCL A,(1EH), Y 
(ni=0, x=0) 



Machine code 
77i6lEi6 



■1252i6 
1253i6 
1254i6 



Direct page 
register 

-1 1234i6 I + 



A-A+C+ DATAh I DATAl 



Memory 



DATAKEFie) 



DATA n (01 16) 



DATAin(12i6) 



Op Code(77i6) 



OperandClEie) 



DATAl 



DATAh 



Bank-0 
index 
register Y 

^ + 1 E521i6 I =12E710i6 



12E710ie 
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Mode 



'. Absolute addressing mode 



Function * The contents of the memory locations specified 
by the instruction's second and third bytes and 
the contents of the data bank register are the 
actual data. Note that, in the cases of the J MP 
and JSR instructions, the instructions' second and 
third byte contents are transferred to the program 
counter. 



Instruction : ADC, AND, ASL, CMP, CPX, 
CRY, DEC, DIV, EOR, INC, 
JMP, JSR, LDA, LDM, LDX, 
LDY, LSR, MPY, ORA, ROL, 
ROR, SBC, STA, STX, STY 



'. Mnemonic 
ADCA, 0AD12H 

(m=1) 



Machine code 
6Di6l2i6ADi6 



' Mnemonic 
ADC A, 0AD12H 
(m=0) 



Machine code 

6D16 12i6 AD16 



Memory 



A-A+C+ 



I DATA I <- 



Op Code (BDie) 



Operand (12i6) 



Operand (AD^g) 



Dataibanl< 
register 

[dt]AD12,, 



A-A+C+ 



DATAh I DATAl 



Memory 



Op Code (6D16) 



Operand (12i6) 



Operand (ADie) 



DATAl 



DATAh 



Data bank 
register 

[dt] AD12,e 



'' Mnemonic 
LDX0AC14H 

(x=1) 



Machine code 
AEi6l4i6 AC16 



'. Mnemonic 
LDX0AC14H 

(x=0) 



Machine code 
AEi6l4i6ACi6 



Memory 



x^[^. 



Op Code (AEie) 



Operand (Uig) 



Operand (ACie) 



Data bank 
register 

rDfl AC14i, 



Memory 



X *- 1 DATAh I DATAu 



Op Code (AEie) 



Operand (Mig) 



Operand (ACie) 



DATAl 



DATAh 



Data bank 
register 

fPTl AC14,6 
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ex. .' Mnemonic 

JMP0AC14H 



Machine code 
4Ci6 14i6 AC16 



Memory 



Address to be 
executed next. 



Op Code (4Ci6) 



Operand (14i6) 



Operand (ACie) 



I PG I OOOO16 



Program 
bank register 

I PG| AC14i6 
fPGl FFFFie 



Program 
bank-PG 



Program bank register contents are not affected. 
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Mode 



i Absolute bit addressing mode 



Function '. The contents of the Instruction's second and third 
bytes and the contents of the data bank register 
specify the memory locations, and data for multi- 
ple bit positions in the memory locations are spe- 
cified by a bit pattern specified in the instruction's 
fourth and fifth bytes (the fourth byte only if the m 
flag is set to 1). 



Instruction : CLB, SEB 



; Mnemonic 
CLB #5AH, 1234H 

(m=1) 



Machine code 
1Ci6 34,6l2i6 5Ai6 



ex. : Mnemonic 

CLB #5AA5H, 1234H 
(m=0) 



Machine code 

1Ci6 34i6 12i6 A5i6 5Ai6 



Memory 



Op Code (ICie) 



Operand (34i6) 



Operand (12i6) 



Operand (SAie) 



?| ?| ?| ?|?| ?| ?| ? 



?ioi?io|oi?i"oy? 



Data bank 
register 

r^ 1234„ 



Data bank 
register 

[dt] 1234„ 



Memory 



Op Code dCis) 



Operand (SAig) 



Operand (12,6) 



Operand (ASig) 



Operand (SAig) 



Data bank 
register 

[dt] 1234i, 



Data bank 
register 

[W] 1234ie 
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Mode 



: Absolute indexed X addressing mode 



Function '. Tlie contents of the memory locations specified 
by a value resulting from addition of a 16-bit 
numeric value expressed by the instruction's 
second and third bytes with the contents of the 
index register X and the contents of the data 
bank register are the actual data. If, however, 
addition of the numeric value expressed by the 
instruction's second and third bytes with the con- 
tents of the index register X generates a carry, 
the bank number will be 1 larger than the con- 
tents of the data bank register. 

ex. : Mnemonic Machine code 

ADCA,0AD12H,X 7Di6 12i6 ADig 

(m=1,x=1) 



Instruction : ADC ,AND ASL, CMP, DEC, 
DIV, EOR, INC, LDA, LDM, 
LDY, LSR, MPY, ORA, ROL, 
ROR, SBC, STA 



'• Mnemonic 
ADCA,0AD12H,X 
(m=0, x=1) 



Machine code 
7Di6l2i6ADi6 



Memory 



A-A+C+ 

DATA * 



Op Code (7D,6) 



Operand(12i6) 



Operand (ADig) 



DATA 



Index 
register X 



iEE,e =AEOO„ 



Data bank 
register 

[dt]aeoOi6 



A-A-l-C-l- 



DATAh I DATAl 



Memory 



Op Code (7Di6) 



Operand (12i6) 



Operand (ADig) 



DATAl 



DATAh 



Index 
register X 



! EE,6 =AEOO„ 



Data bank 
register 

[W] AE0016 
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: Mnemonic 
ADC A, 0AD12H,X 
(m=1,x=0) 



Machine code 
7Di6l2i6ADi6 



; Mnemonic 
ADC A, 0AD12H, X 
(m=0, x=0) 



Machine code 
7Di6l2i6ADi6 



Memory 



A^A +C+ 

I DATA I 



Op Code (TDis) 



Operand (12,6) 



Operand (ADie) 



DATA 



Index 
register X 

+ I IOEE16 I =BE00i6 



Data bank 
register 

[_DTj BEOOie 



Memory 



A *- A + C + DATAh I DATAl *- 



Op Code (7Di6) 



Operand (12i6) 



Operand (ADie) 



DATAl 



DATAh 



Index 
register X 

+1 10EE1, 



= BE00i6 



Data bank 
register 

rpf] BE0016 



: Mnemonic 
LDY0BC12H, X 

(x=1) 



Machine code 
BC16 1216 BC16 



Mnemonic 
LDV0BC12H, X 

(x=0) ' 



Machine code 
BC16 "1216 BC16 



Memory 



Y^ l DATA I ' 



Op Code (BCie) 



Operand (12i6) 



Operand (BCie) 



Index 
register X 



|EEi6 =BD00i6 



Data bank 
register 

I dt| BDOO16 



Y^^l DATAh ] DATAl 



Memory 



Op Code (BCie) 



Operand (12i6) 



Operand (BCie) 



DATAu 



DATAh 



Index 
register X 

+ I IOEE16 I =CD00i< 



Data bank 
register 

[Df] CDOO16 
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Mode 



: Absolute indexed Y addressing mode 



Function '. The contents of tlie memory locations specified 
by a value resulting from addition of a 16-bit 
numeric value expressed by the instruction's 
second and third bytes with the contents of the 
index register Y and the contents of the data 
bank register are the actual data. If, however, 
addition of the numeric value expressed by the 
instruction's second and third bytes with the con- 
tents of the index register Y generates a carry, 
the bank number will be 1 larger than the con- 
tents of the data bank register. 

ex. ! Mnemonic Machine code 

ADC A,0AD12H,Y 79i6 12i6 ADie 

(m=1,x=1) 



Instruction : ADC, AND, CMP, DIV, EOR, 
LDA, LDX, MPY, ORA, SBC, 
STA 



'- Mnemonic 
ADCA,0AD12H,Y 
(m=1,x=0) 



Machine code 
79i6l2i6ADi6 



Memory 



A-^A+C-f- 



Op Code (79i6) 



Operand (12^6) 



Operand (ADig) 



DATA 



Index 
register Y 



EEi6 =AE00ie 



Data Bank 
register 

[dt] AEOO16 



Memory 



A-A+C+ 
I DATA 1 ^- 



Op Code (79i6) 



Operand (12i6) 



Operand (ADie) 



DATA 



Index 
register Y 



+ 10EE„ 



Data Bank 
register 

I dt| beoo„ 



=BEOO« 



' Mnemonic 
ADCA,0AD12H,Y 
(m=0, x=1) 



Machine code 
79i6 12i6 AD16 



: Mnemonic 
ADCA,0AD12H,Y 
(m=0, x=0) 



Machine code 
7916 12,6 AD16 



Memory 



A-A + C-l- 



I DATAh I DATAl 



Op Code (79i6) 



Operand (12i6) 



Operand (ADie) 



DATAu 



DATAh 



Index 
register Y 

I ; EE16 i = 



=AE00i. 



Data bank 
register 

[WJAEOOie 



-A-I-C4- 



DATAh I DATAr]^ 



Memory 



Opcode (79i6) 



Operand (12i6) 



Operand (ADie) 



DATAl 



DATAh 



Index 
register Y 

I IOEE16 I =BE00i, 



Data bank 
register 

[dt] BEOOie 
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: Mnemonic 
LDX0BC12H, Y 

(x=1) 



iMachine code 
BE16 12i6 BCie 



; Mnemonic 
LDX0BC12H, Y 

(x=0) 



Machine code 

BE16 "1216 BC16 





rrr^^Tr:::^ 




Opcode (BEie) 




Operand (12i6) 




Operand (BCig) 


^ 








^ 1 DATA 1^ 


DATA 








--^_J 



Mennory 



Index 
register Y 



lEEie =BD00i6 



Data banl< 
register 
[dFI BD0O16 



X ^1 DAT Ah j DATAl | *- 



Op Code (BEie) 



Operand (12i6) 



Operand (BCie) 



DATAl 



DATAh 



Index 
register Y 

+ I IOEE16 I =CD00i, 



Data bank 
register 

I dt| CDOO16 



A 
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Mode 



: Absolute long addressing mode 



Function .* The contents of the mennory locations specified 
by the instruction's second, third and fourth bytes 
become the actual data.Note that, in the cases of 
the JMP and JSR instructions, the instructions' 
second and third byte contents are transferred to 
the program counter and the fourth byte contents 
are transferred to the program banl< register. 



Instruction : ADC, AND, CMP, DIV, EOR, 
JMP, JSR, LDA, MPY, ORA, 
SBC, STA 



'. Mnemonic 
ADC A, 123456H 

(m=1) 



Machine code 
6F16 56,6 34i6 12i6 



: Mnemonic 
ADCA, 123456H 
(m=0) 



Machine code 
6F16 56i6 34i6 12i6 



Memory 



Memory 



A-A+C+ 

[dataI 



Opcode (6F16) 



Operand (SSie) 



Operand (34,6 ) 



Operand (12i6) 



DATA 



123456i6 7^ 



A ^A +C + DATAh ' DATAl 



Op Code (6F16) 



Operand (SSie) 



Operand (34,6) 



Operand (12i6) 



DATAl 



DATAh 



123456ie 



: Mnemonic 
JMP 123456H 



I Machine code 
5Ci6 56i6 34,6l2i6 



Memory 



Address to be 
executed next. 



Op Code (SCie) 



Operand (SBie) 



Operand (34i6) 



Operand (12i6) 



Program 
banl< register 

I 12r6 |3456t6« 



Program bank register contents are replaced by 
the third operand. 
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Mode 
Function 



ex. 



: Absolute long indexed X addressing mode 

! The contents of the memory location specified by 
adding the numeric value expressed by the 
instruction's second, third and fourth bytes with 
the contents of the index register X are the actual 
data. 



' Mnemonic 
ADC A,123456H,X 
(nn=1,x=1) 



Machine code 
7Fi6 56i6 34i6l2n6 



Instruction .'ADC, AND, CMP, DIV, EOR, 
LDA, MPY, ORA, SBC, STA 



ex. '. Mnemonic 

ADC A,123456H,X 
(m=0, x=1) 



Machine code 
7Fi6 56i6 34i6l2i6 



A ^A+C + 

I DATA I <~ 



Memory 



Op Code (7Fi6) 



Operand (SBis) 



Operand (34i6) 



Operand (12i6) 



DATA 



Index 
register X 



El 16 =123537., 



123537i6 



A-A+C+ 



Memory 



I DATAh I DATAl 



Op Code (7Fi6) 



Operand (SBie) 



Operand (34i6) 



Operand (12i6) 



DATAl 



DATAh 



Index 
register X 



E1i6 =123537it 



123537ie 



'• Mnemonic 
ADC A,123456H,X 
(m=0, x=1) 



Machine code 
7Fi6 56i6 34i6 12i6 



: Mnemonic 
ADCA,123456H, X 
(m=0, x=0) 



Machine code 
7Fi6 56i6 34i6l2i6 



Mennory 



Op Code (7Fi6) 



Operand (SBie) 



Operand (34i6) 



Operand (12i6) 



A^A+C+ 

|data| ^ 



DATA 



Index 
register X 

;> + | EEEI16 I =132337ie 



132337„ 



DATAh I DATAl 



Mennory 



A-A+C+ 



Op Code (7Fi6) 



Operand (SBie) 



Operand (34i6) 



Operand (12^6) 



DATAl 



DATAh 



Index 
register X 

+ 1 EEEI16 |=132337ie 



132337i6 ^- 
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Mode '. Absolute indirect addressing mode 

Function i The instruction's second and third bytes specify 2 
adjacent bytes in memory, and the contents of 
these bytes specify the address within the same 
program banl< to which a jump is to be made. 



■ IVInemonic 
JMP(1400H) 



Machine code 
6Ci6 OO16 14i6 



Instruction ! JMP 



Address to be 
executed next. 



Memory 



Op Code (6C16) 



Operand (OOig) 



Operand (Mig) 



DATA I (FFie) 



DATA n (lEie) 



S 



1400i, 



Program 
bank register 

rPGl lEFRe ^ 



Program 
bank-PG 
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Mode : Absolute indirect long addressing mode 

Function .* The instruction's second and tliird bytes specify 3 
adjacent bytes in memory, and tlie contents of 
these bytes specify the address to which a jump 
is to be made. 



Instruction : JMP 



'. Mnemonic 
JMPL(1234H) 



Machine code 
DC16 34,6 12^6 



Address to be 
executed next. 



Memory 



Op Code (DCie) 



Operand (34i6) 



Operand (12i6) 



DATA I (12i6) 



DATA n (B4i6) 



DATA in (Alie) 



Program 
bank register 

[pg]1234i6 



Program 
bank register 

1ai3B412i6 " 



DATA in is loaded in the program banl< register. 
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Mode 



: Absolute Indexed X Indirect addressing mode 



Function i The value obtained by adding the Instruction's 
second and third bytes and the contents of the in- 
dex register X spcifies 2 adjacent bytes in mem- 
ory, and the contents of these bytes specify the 
address to which a jump is to be made. 

ex. : Mnemonic Machine code 

JMP(1234H, X) 7Ci6 34i6l2i6 

(x=1) 



instruction : JMP, JSR 



iVlemory 



Index 
register X 

I ! 12i6 I , 



Address to be 
executed next. 



Op Code (yCie) 



Operand (34i6) 



Operand (12i6) 



DATA I (I2i6) 



DATA n (BCis) 



1246ie 



Program 
bank register 

[^BC12i6 - 



Program 
bank-PG 
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Mode 



; Stack addressing mode 



Function : Register contents are saved to or restored from 
the memory location specified by the stack poin- 
ter. The stack pointer is set in bank-0. 



Instruction : PEA, PEI, PER, PHA, PHB, 

PHD, PHG, PHP, PHT, PHX, 

PHY, PLA, PLB, PLD, PLP, 

PLT, PLX, PLY, PSH, PUL 



.' IVInemonic 
PHA 

(m-1) 



Machine code 
48i6 



'. Mnemonic 
PHA 
(m=0) 



Machine code 
48i6 



S-1 

s 



Memory 



Au 



St ack point er 

OOiel Sh i' Sl| 



> Bank-0 



S-2 
S-1 
S 



Memory 



Al 



Ah 



Stack pointer 

OO16 i Sh Sl I 



> Bank-0 



*. Mnemonic 
PHD 



Machine code 
0B,6 



'. Mnemonic 
PEA # 1234H 



Machine code' 
F4i6 34i6l2i6 



S-2 
S-1 
S 



Memory 



DPR. 



DPRh 



Stack pointer ' 

OO16 I Sh ! Sl I 



> Bank-0 



Memory 



34ie 



12i6 



Op Code (F4i6) 



Operand (34i6) 



Operand (12i6) 



Stack pointer 

OO16 I Sh j Su I 



> Bank-0 
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; Mnemonic 
PEI # 12H 



Machine code 
D4i6l2i6 



.' Mnemonic 
PER # 1234H 



Machine code 
62i6 34i6 12i6 



Me,mory 



DATA I 



DATA n 



DATA I 



DATA n 



Op Code (D4i6) 



Operand(12i6) 



341 2i6 



Stack pointer 

OO16 I Sh I Sl I 



Direct page 
register 



Bank-O 



-f 3400 



'16 1= 341 2i6 



Memory 



S-2 
S-1 
S 



ACie 



Op Code (62i6) 



Operand (34i6) 



Operand (12i6) 



Stack pointer 




y Bank-O 



Program 
bank register ' 

[pg] 5676ie 



Program counter 



Program 
bank-PG 
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Mode 



'. Relative addressing mode 



Function : Branching occurs to the address specified by the 
value resulting from addition of the contents of 
the program counter and the instruction's second 
byte. In the case of a long branch by the BRA in- 
struction, a 15-bit signed numeric value formed 
by the contents of the instruction's second and 
third bytes is added to the program counter con- 
tents. If the addition generates a carry or borrow, 
1 is added to or subtracted from the program 
bank register. 



Instruction : BCC, BCS, BEQ, BMI, BNE, 
BPL, BRA, BVC, BVS 



'. Mnemonic 
BCC *-12 



Machine code 
90i6F4i6 



Branches to the address *— 12 if the carry flag (C) 
has been cleared. 

Memory 



Address to be 
executed next. 



Op Code OOie) 



Operand (F4i6) 



Jump 



Advances to the address * if the carry flag (C) 
has been set. 

Memory 



Address to be 
executed next. 



Op Code OOie) 



Operand (F4i6) 



'• Mnemonic 
BRA1234H 



Machine code 
82i6 34,6l2i6 



Memory 



Address to be 
executed next. 



Op Code (82i6) 



Operand (34i6) 



Operand (12i6) 



Program 
bank register 

[pg] FF12ie' 



[pg] 1146,6 



Program 
bank-PG 



Program 
bank-PG+1 
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Mode 



'. Direct bit relative addressing mode 



Function *. Specifies tiie bank-0 memory location by tlie 
value obtained by adding the instruction's second 
byte to the direct page register's contents, and 
specifies the positions of multiple bits in the 
memory location by the bit pattern in the third 
and fourth bytes (the third byte only if the m flag 
Is set to 1 ) . Then, if the specified bits all satisfy 
the branching conditions, the instruction's fifth 
byte (or the fourth byte if the m flag is set to 1 ) is 
added to the program counter as a signed value, 
generating the branching destination address. If, 
however, addition of the instruction's second byte 
to the direct page register's contents result in a 
value that exceeds the bank-0 range, the speci- 
fied location will be in bank-1 . 

ex. : Mnemonic Machine code 

BBS #5AH, 04H, 0F6H 24i6 04,6 SAie F6i6 

(m=1) 



Instruction : BBC, BBS 



Memory 



Address to be 
executed next. 



Jump 



1 1110 1 1 



Op Code (24i6) 



Operand (04i6) 



Operand (SAig) 



Operand (FSie) 



(Branch) 



001238ie 



Program 
bank register 

^ FFFD.e 



Direct page 
register 

+ 1 1234. 



Memory 



> Bank-0 



1238i, 



Program 
bank register 

[I230007i6 



Address to be 
executed next. 



1110 1 1 



Op Code (24i6) 



Operand (04i6) 



Operand (SAig) 



Operand (FSie) 



(Not branch) 



001238i6 



> Bank-0 



Direct page 
register 

+ |l234i6| =1238ie 

Program 
bank register 

[123 0007,6 
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: Mnemonic Machine code 

BBS #5AA5H, 04H, 0F6H 24i6 04i6 A5i6 5Ai6 F6i< 
(m=0) 



Address to be 
executed next. 



Jump 



Memory 



1 



Op Code (24i6) 



Operand (04i6) 



Operand (ASie) 



Operand (SAie) 



Operand (FBie) 



(Branch) 



001238ie 



Program 
bank register 

1^ FFFEie 



Direct page 
register 

-|-|l234i6!=1238i6 



Program 
bank register Address to be 
|'*2i6| OOO816 executed next. 



Memory 



Op Code (24i6) 



Operand (04i6) 



Operand (ASie) 



Operand (SAie) 



Operand (FGie) 



001238,< 



> Bank-0 



Direct page 
register 

+ |l234i6| =1238i6 

Program 
bank register 
I1253000816 



(Not branch) 
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Mode : Absolute bit relative addressing mode 

Function : The instruction's second and tliird bytes and the 
contents of the data bank register specify the 
memory location, and data for the memory 
location's multiple bits is specified by a bit pat- 
tern in the instruction's fourth and fifth bytes (the 
fourth byte only if the m flag is set to 1 ). Then , if 
the specified bits all satisfy the branching condi- 
tions, the instruction's sixth byte (or the fifth byte 
if the m flag is set to 1 ) is added to the program 
counter as a signed value, generating the bran- 
ching destination address. 

ex. '. Mnemonic Machine code 

BBS #5AH, 1234H,0F6H 2Ci6 34^6 12i6 5Ai6 F6i6 

(m=1) ' 



Instruction : BBC, BBS 



Address to be 
executed next. 



Jump 



Memory 



Op Code (2Ci6) 



Operand(34,6) 



Operand (12i6) 



Operand (SAig) 



Operand (FBie) 



11110 1 



Program 
bank register 

fgPFFDie 



Program 
bank register 

Il2^ 0007i6 



Data bank 
register 

[pT]l234ie 



Memory 



Address to be 
executed next. 



Op Code (2Ci6) 



Operand (34i6) 



Operand (12i6) 



Operand (SAie) 



Operand (FBie) 



1110 1 



Program 
bank register 
[1230007,6 



Data bank 
register 
[dt]i234i6 



(Branch) 



(Not branch) 
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'■ Mnemonic Machine code 

BBS #5AA5H, 1234H, 0F6H 2Ci6 34i6 12i6 A5i6 SA^e F616 
(m=0) 



Address to be 
executed next. 



Jump 



Memory 



Op Code (2Ci6) 



Operand QAig) 



Operand (12i6) 



Operand (ASie) 



Operand (BAie) 



Operand (FBie) 



Program 
bank register 

WQ FFFD,6 



P rogram 
bank register 

[l2^0007i6 



Data bank 
register 

[pt] 1234ie 



Memory 



Address to be 
executed next. 



Op Code (2Ci6) 



Operand (34i6) 



Operand (12i6) 



Operand (ASis) 



Operand (SAie) 



Operand (FGie) 



Program 
bank register 
[123000716 



Data bank 
register 

[DT]l234,e 



(Branch) 



(Not branch) 



MITSUBISHI 
lELECTRIC 



2-335 



MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 



Mode 



: Stack pointer relative addressing mode 



Function '. The contents of a bank-0 memory location speci- 
fied by the value resulting from addition of the 
instruction's second byte and the contents of the 
stack pointer become the actual data. If, howev- 
er, the value obtained by adding the contents of 
the instruction's second byte and the stack point- 
er's contents exceeds the bank-0 range, the spe- 
cified location will be in bank-1. 



'. Mnemonic 
ADC A, 02H, S 
(m=1) 



Machine code 
63i6 02^6 



Instruction : ADC, AND, CMP, DIV, EOR, 
LDA, MPY, ORA, SBC, STA 



: Mnemonic 
ADC A, 02H, S 
(m=0) 



Machine code' 
63i6 02i6 



A-A-l-C-l- 



Memory 



Op Code (63i6) 



Operand (02i6) 



1236i, 



Bank-0 



Memory 



A-A+CH- 



Stack pointer 

+ 1 1234i6 | = 1236ie 



DATAh i DATAl 



DATAl 



DATAh 



Op Code (63i6) 



Operand (02i6) 



1236i6 



Bank-0 



Stack pointer 

+ 1 1234i6 1 = 1236- 
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Mode : Stack pointer relative indirect indexed Y addres- 

sing mode 



Function : Tlie value obtained by adding the instruction's 
second byte and the contents of the stack pointer 
specifies 2 adjacent bytes in memory. The value 
obtained by adding the contents of these bytes 
and the contents of the index register Y specifies 
address of the actual data in memory bank-DT 
(DT is contents of data bank register). If addition 
of the 2 bytes in memory with the contents of the 
index register Y generate a carry, the bank num- 
ber will be 1 larger than the contents of the data 
bank register. 



.* Mnemonic 
ADCA,(1EH, S), Y 
(m=1,x=1) 



IMachine code 
73i6lE,6 



Instruction : ADC, AND, CMP, DIV, EOR, 
LDA, MPY, ORA, SBC, STA 



' Mnemonic 
ADCA,(1EH, S), Y 
(m=0,x=1) 



Machine code 
73i6lEi6 



1252„ 
1253ie 



Stack pointer 

— I 1234,6 I + 



A-A-FC-j- 



DATA I ^ 



Memory 



DATA 1(01,6) 



DATA n(12i6) 



Opcode (73i6) 



Operand (lEie) 



Bank-0 

Index register Y 

.+1 ;E6,6|=12 



Data bank 
register 

[Dr|i2E7i6 



Memory 



1252ie 
1253ie 



St ack poin ter 

— I 1234i6 I + 



A^A+C+ 
|PATAh|PATAl| ^ 



DATA 1(01,6) 



DATA n(12i6) 



Op Code (73i6) 



Operand (lEie) 



DATAl 



DATAh 



-- + 



Bank-0 

Index register Y 

Tie; 



12E7i6 



Data bank 
register 

[DT]l2E7i6 
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: Mnemonic Machine code 

ADC A, (1EH,S), Y 73i6 IE16 

(m=1,x=0) 



Memory 



1252ie 
1253if 



Stack pointer 

— I 1234i6l + 



A^A+C+ |DATA| ^ 





DATA I (OI16) 


DATAn(12i6) 





Op Code (73i6) 


Operand (lEie) 


; ; 


DATA 


_ 



, Bank-0 
Index register Y 

^+ 1 F0E6i6l = 102E7i6 



Data bank 
register 

[Df]+1,02E7i6^ 



: Mnennonic Machine code 

ADCA, (1EH, S),Y 73i6lEi6 

(m==0, x=0) 

Memory 



1252ie 
1253i6 



Stack pointer 

— Ll234,e ! + 



A-A+C+ DATAh I DATAl 



DATA KOlie) 



DATAn(l2i6) 



Op Code (73i6) 



Operand (lEie) 



DATAu 



DATAh 



^ Bank-O 
Index register Y 

+ 1 F0E6t6 |=102E7,£ 



Data bank 
regi ster 

[DT]+1,02E7i6 
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Mode '. Block transfer addressing mode 

Function '. The instruction's second byte specifies the trans- 
fer-to data bank, and tiie contents of tiie index 
register Y specify the transfer - to address within 
the data bank. The instruction's third byte speci- 
fies the transfer-from data bank, and the contents 
of the index register X specify the address in the 
data bank where the data to be transferred is 
stored. The contents of the accumulator A consti- 
tute the number of bytes to be transfeered. Upon 
termination of transfer, the contents of the data 
bank register will specify the transfer-to data 
bank. The MVN instruction is used for transfer to 
lower address location. In this case, the contents 
of the index registers X and Y are incremented 
each time data is transferred. The MVP instruc- 
tion is used for transfer to higher address loca- 
tion. In this case, the contents of the index regis- 
ters X and Y are decremented each time data is 
transferred. The block of data to be transferred 
may Of OSS over the bank boundary. 



Op Code(54i6) 



Operand (E2i6) 



Operand (ESie) 



DATA I 



DATA n 



DATA 1 



} Bank-E2i6 



A I 0003i 
X| 1234i 
Y 



16 



5678i6 

Dim 

E51234i6 

Bank-E5i6 



Instruction : MVN, MVP 



Mnemonic Machine code . 




MVN 0E2H, 0E5H 5A,e E2,e ES^e 




Before transfer 


After transfer 


Memory 


Memory 





DATA I 


DATA n 


DATA HI 


• = 


Op Code(54i6) 


Operand (E2i6) 


Operand (ESie) 


: i 


DATA I 


DATA n 


DATA ni 





E25678i( 



A I FFFFie 
X| 1237i6 

yI 



567Bi6 



DT[E2]7 
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: Mnemonic 
MVP 0E5H, 0E2H 



IMachine code 
44i6 E5i6 E2i6 



Before transfer 
Memory 



DATA I 



DATA n 



DATA in 



Op Code(44i6) 



Operand (ESie) 



Operand (E2i6) 



> Bank-E2i6 
E2567Ai6 



A 0003i( 



X | 567A,6 I 
Y | 1236i6 I 

DT m 



After transfer 
Memory 



> Bank-E5i6 



DATA I 



DATA n 



DATA in 



Op Code(44i6) 



Operand (ESie) 



Operand (E2i6) 



DATA I 



DATA n 



DATA in 



X I 5677, e I 

Y | 1233,6 I 

DT I E5i6 I 



E5l236i( 
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INSTRUCTION CODE 


TABLE-1 


























\\ 


D3~Do 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 


\ Hexadecimal 
D7~D4\ notation 





1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


. E 


F 


0000 





BRK 


ORA 

A,(DIR,X) 




ORA 
A.SR 


SEB 
DIR.b 


ORA 
A.DIR 


ASL 
DIR 


ORA 

A,L(DIR) 


PHP 


ORA 
A.IMM 


ASL 
A 


PHD 


SEB 
ABS.b 


ORA 
A.ABS 


ASL 
ABS 


ORA 
A.ABL 


0001 


1 


BPL 


ORA 

A,(DIR),Y 


ORA 

A,(DIR) 


ORA 

A,(SR),Y 


CLB 
DIR.b 


ORA 

A.DIR.X 


ASL 
DIR.X 


ORA 

A,L(DIR),Y 


CLC 


ORA 
A.ABS.Y 


DEC 
A 


TAS 


CLB 
ABS.b 


ORA 
A,ABS,X 


ASL 
ABS.X 


ORA 
A.ABL.X 


0010 


2 


JSR 
ABS 


AND 

A,(DIR,X) 


JSR 
ABL 


AND 
A,SR 


BBS 
DIR.b.R 


AND 
A.DIR 


ROL 
DIR 


AND 

A,L(DIR) 


PLP 


AND 
A.IMM 


ROL 
A 


PLD 


BBS 

ABS.b.R 


AND 
A.ABS 


ROL 
ABS 


AND 
A.ABL 


0011 


3 


BMI 


AND 

A,(DIR),Y 


AND 
A,(DIR) 


AND 

A,(SR),Y 


BBC 
DIR.b.R 


AND 
A.DIR.X 


ROL 
DIR.X 


AND 

A,L(DIR),Y 


SEC 


AND 
A,ABS,Y 


INC 
A 


TSA 


BBC 
ABS.b.R 


AND 
A,ABS,X 


ROL 
ABS.X 


AND 
A.ABL.X 


0100 


4 


RTI 


EOR 

A,(DIR,X) 


Note1 


EOR 
A,SR 


MVP 


EOR 
A^DIR 


LSR 
DIR 


EOR 

A,L(DIR) 


PHA 


EOR 
A.IMM 


LSR 
A 


PHG 


JMP 
ABS 


EOR 
A.ABS 


LSR 
ABS 


EOR 

a.abL 


0101 


5 


BVC 


EOR 

A.(DIR),Y 


EOR 
A,(DIR) 


EOR 

A,(SR),Y 


MVN 


EOR 
A,DIR,X 


LSR 
DIR.X 


EOR 

A,L(DIR),Y 


CLI 


EOR 
A.ABS.Y 


PHY 


TAD 


JMP 
ABL 


EOR 
A.ABS.X 


LSR 
ABS.X 


EOR 
A.ABL.X 


0110 


6 


RTS 


ADC 

A,(DIR,X) 


PER 


ADC 
A,SR 


LDM 
DIR 


ADC 
A.DIR 


ROR 
DIR 


ADC 

A,L(DIR) 


PLA 


ADC 
A.IMM 


ROR 
A 


RTL 


JMP 

(ABS) 


ADC 
A.ABS 


ROR 
ABS 


ADC 
A.ABL 


0111 


7 


BVS 


ADC 

A,(DIR),Y 


ADC 

A,(DIR) 


ADC 

A,(SR),Y 


LDM 
DIR.X 


ADC 
A,DIR,X 


ROR 
DIR.X 


ADC 

A,L(DIR),Y 


SEI 


ADC 
A,ABS,Y 


PLY 


TDA 


JMP 

(ABS.X) 


ADC 
A,ABS,X 


ROR 
ABS.X 


ADC 
A,ABL,X 


1000 


8 


BRA 
REL 


STA 

A,(DIR,X) 


BRA 
REL 


STA 
A.SR 


STY 
DIR 


STA 
A, DIR 


STX 
DIR 


STA 

A,L(DIR) 


DEY 


Note 2 


TXA 


PHT 


STY 
ABS 


STA 
A.ABS 


STX 
ABS 


STA 
A.ABL 


1001 


9 


BCC 


STA 

A,(DIR),Y 


STA 
A,(DIR) 


STA 

A.(SR),Y 


STY 
DIR.X 


STA 
A.DIR.X 


STX 
DIR.Y 


STA 

A,L(DIR),Y 


TYA 


STA 
A,ABS,Y 


TXS 


TXY 


LDM 
ABS 


STA 
A.ABS.X 


LDM 
ABS.X 


STA 
A.ABL.X 


1010 


A 


LDY 
IMM 


LDA 

A,(DIR,X) 


LDX 

IMM 


LDA 
A,SR 


LDY 
DIR 


LDA 
A.DIR 


LDX 
DIR 


LDA 

A,L(D1R) 


TAY 


LDA 
A,IMM 


TAX 


PLT 


LDY 
ABS 


LDA 
A.ABS 


LDX 
ABS 


LDA 
A.ABL 


1011 


B 


BCS 


LDA 

A,(DIR)^ 


LDA 
A,(DIR) 


LDA 

A,(SR),Y 


LDY 
DIR,X 


LDA 
A.DIR.X 


LDX 
DIR.Y 


LDA 

AL(DIR),Y 


CLV 


LDA 
A.ABS.Y 


TSX 


TYX 


LDY 
ABS,X 


LDA 
A.ABS.X 


LDX 
ABS.Y 


LDA 
A.ABL,X 


1100 


C 


CRY 
IMM 


CMP 

A,(DIR,X) 


CLP 
IMM 


CMP 
A,SR 


CPY 
DIR 


CMP 

A.DIR 


DEC 
DIR 


CMP 

A,L(DIR) 


INY 


CMP 
A.IMM 


DEX 


WIT 


CPY 
ABS 


CMP 
A.ABS 


DEC 
ABS 


CMP 
A.ABL 


1101 


D 


BNE 


CMP 

A,(DIR),Y 


CMP 
A,(DIR) 


CMP 

A,{SR),Y 


PEI 


CMP 
A.DIR.X 


DEC 
DIR.X 


CMP 

A,L(DIR),Y 


CLM 


CMP 
A,ABS,Y 


PHX 


STP 


JMP 
L(ABS) 


CMP 
A,ABS,X 


DEC 
ABS.X 


CMP 
A.ABL.X 


1110 


E 


CPX 

IMM 


SBC 

A,(DIR,X) 


SEP 
IMM 


SBC 
A.SR 


CPX 
DIR 


SBC 
A.DIR 


INC 

DIR 


SBC 

A,L(DIR) 


INX 


SBC 
A.IMM 


NOP 


PSH 


CPX 
ABS 


SBC 
A,ABS 


INC 
ABS 


SBC 
A.ABL 


1111 


F 


BEQ 


SBC 

A.(DIR),Y 


SBC 

A,(DIR) 


SBC 

A,(SR),Y 


PEA 


SBC 
A.DIR.X 


INC 
DIR.X 


SBC 

A,L(DIR),Y 


SEM 


SBC 

A.ABS.Y 


PLX 


PUL 


JSR 

(ABS.X) 


SBC# 
A.ABS.X 


INC 
ABS.X 


SBC 
A,ABL.X 



Note 1 : 42i6 specifies the contents of the INSTRUCTION CODE TABLE-2. 

About the second word's codes, refer to the INSTRUCTION CODE TABLE-; 
2 : 89i6 specifies the contents of the INSTRUCTION CODE TABLE-3. 

About the third word's codes, refer to the INSTRUCTION CODE TABLE-2. 
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INSTRUCTION CODE TABLE-2 (The first word's code of each instruction is A2,^ 


\\^ D3~Do 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1-01 1 


1100 


1101 


1110 


1111 


r^ pXHexadecimal 
D7~D4\ notation 

\ 





1 


2 


3 


4 


5 


6 


, 7 


8 


9 


A 


B 


c 


D 


E 


F 


0000 


0, 




ORA 

B,(DIR,X) 




ORA 
B,SR 




ORA 
B.DIR 




ORA 
B,L(DIR) 




ORA 

B.IMM 


ASL 

B 






ORA 
B.ABS 




ORA 
B.ABL 


0001 


1 




ORA 

B,(DIR),Y 


ORA 

B,(DIR) 


ORA 

Bi(SR),Y 




ORA 
B,DIR,X 




ORA 

B,L(DIR),Y 




ORA 

B,ABS,Y 


DEC 
B 


TBS 




ORA 
B,ABS,X 




ORA 
B.ABL.X 


0010 


2 




AND 

B,(DIR,X) 




AND 
B,SR 




AND 
B.DIR 




AND 

B,L(DIR) 




AND 
B.IMM 


ROL 
B 






AND 
B.ABS 




AND 
B.ABL 


0011 


3 

■ 




AND 

B,(DIR),Y 


AND 

B,(DIR) 


AND 

B,(SR),Y 




AND 
B.DIR.X 




AND 

B,L(DIR),Y 




AND 
B,ABS,Y 


INC 
B 


TSB 




AND 
B.ABS.X 




AND 
B,ABL,X 


0100 


4 




EOR 

B,(DIR,X) 




EOR 
B,SR 




EOR 

B.DIR 




EOR 

B,L(DIR) 


PHB 


EOR 
BJMM 


LSR 
B 






EOR 
B.ABS 




EOR 
B,ABL 


0101 


= 




EOR 

B,(DIR),Y 


EOR 
B,(DIR) 


EOR 
B,(SR),Y 




EOR 
B,DIR,X 




EOR 

B,L(DIR),Y 




EOR 
B,ABS,Y 




TBD 




EOR 
B.ABS.X 




EOR 

B.ABL.X 


,0110 


6 




ADC 

B.(DIR,X) 




ADC 
B.SR 




ADC 
B.DIR 




ADC 

B,L(DIR) 


PLB 


ADC 
BJMM 


ROR 
B 






ADC 
B.ABS 




ADC 
B,ABL 


0111 






ADC 

B,(DIR),Y 


ADC 
B,(DIR) 


ADC 

B,(SR),Y 




ADC 
B,DIR,X 




ADC 

B,L(DIR),Y 




ADC 
B.ABS.Y 




TDB 




ADC 
B.ABS.X 




ADC 

B,ABL,X 


1000 


8 




STA 

B,(DIR,X) 




STA 
B.SR 




STA 
B.DIR 




STA 

B,L(DIR) 






TXB 






STA 
B.ABS 




STA 
B,ABL 


1001 


9 




STA 

B,(DIR),Y 


STA 
B,(DIR) 


STA 

B,(SR),Y 




STA 
B,DIR,X 


■ 


STA 

B,L(DIR),Y 


TYB 


STA 
B.ABS.Y 








STA 
B.ABS.X 




STA 
B,ABL,X 


1010 


A 




LDA 

B,(DIR,X) 




LDA 
B,SR 




LDA 
B.DIR 




LDA 

B,L(DIR) 


TBY 


LDA 
BJMM 


TBX 






LDA 
B.ABS 




LDA 
B.ABL 


1011 


B 




LDA 

B,(DIR),Y 


LDA 

B,(DIR) 


LDA 

B,(SR),Y 




LDA 
B.DIR.X 




LDA 

B,L(DIR),Y 




LDA 
B.ABS.Y 








LDA 
B,ABS,X 




LDA 
B,ABL,X 


1100 


C 




CMP 

B,(DIR,X) 




CMP 
B,SR 




CMP 
B.DIR 




CMP 

B,L(DIR) 




CMP 
BJMM 








CMP 
B,ABS 




CMP 
B.ABL 


1101 


D 




CMP 

B,(DIR),Y 


CMP 
B,(DIR) 


CMP 

B,(SR),Y 




CMP 
B,DIR,X 




CMP 

B,L(DIR),Y 




CMP 
B,ABS,Y 








CMP 
B.ABS.X 




CMP 
B.ABL.X 


1110 


E 




SBC 

B,(PIR,X) 




SBC 
B,SR 




SBC 
B.DIR 




SBC 

B,L(DIR) 




SBC 
BJMM 




■ 




SBC 

,B,ABS 




SBC 
B,ABL 


1111 


F 




SBC 

B,(DIR),Y 


SBC 

B,(DIR) 


SBC 

B,(SR),Y 




SBC 
B,DIR,X 




SBC 

B,L(DIR),Y 




SBC 

B.ABS.Y 








SBC 
B,ABS,X 




SBC 
B.ABL.X 
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INSTRUCTION CODE TABLE-3 (The first word's code of each instruction is SS^e) 


\X 


D3~Do 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 


_\Hexadecimal 
D7~D4\ notation 





1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


c 


D 


E 


F 


0000 







MPY 
(DIR.X) 




MPY 
SR 




MPY 
DIR 




MPY 
L(DIR) 




MPY 
IMM 








MPY 
ABS 




MPY 
ABL 


0001 


1 




MPY 
(DIR),Y 


MPY 
(DIR) 


MPY 
(SR),Y 




MPY 
DIR,X 




MPY 

L(DIR),Y 




MPY 
ABS.Y 








MPY 
ABS.X 




MPY 
ABL.X 


0010 


2 




DIV 

(DIR.X) 




DIV 
SR 




DIV 
DIR 




DIV 
L(DIR) 


XAB 


DIV 
IMM 








DIV 
ABS 




DIV 
ABL 


0011 


.3 




DIV 
(DIR),Y 


DIV 

(DIR) 


DIV 

(SR),Y 




DIV 
DIR.X 




DIV 

L(DIR),Y 




DIV 
ABS.Y 








DIV 
ABS.X 




DIV 
ABL.X 


0100 


4 




















RLA 
IMM 














0101 


5 


































0110 


6 


































0111 


7 


































1000 


8 


































1001 


9 


■ 
































1010 


A 


































1011 


B 


' 
































1100 


C 






LDT 
IMM 




























1101 


D 


































1110 


E 


































1111 


F 
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MACHINE INSTRUCTIONS 



Symbol 


Function 


Details 


Addressing mode 


IMP 


IMM 


A 


DIP 


DIR.b 


DIR,X 


DIR,Y 


(DIR) 


(DIR.X) 


(DIR),Y 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


h 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


ADC 
(Note 1,2) 


Acc,C*-Acc+M+C 


Adds the carry, the accumulator and the memory contents. 
The result is entered into the accumulator. When the D 
flag is "0", binary Additions is done, and when the D flag is 
"1", decimal addition is done. 








6? 


2 


2 








65 


4 


2 








75 


,5 


2 








72 


6 


2 


61 


7 


2 


71 


8 


2 


42 
69 


4 


3 


42 
65 


6 


3 


42 
75 


7 


3 


42 
72 


8 


3 


42 
61 


9 


3 


42 
71 


10 


3 


AND 

(Note 1,2) 


Ace ^ Ace AM 


Obtains the logical product of the contents of the accumu- 
lator and the contents of the memory. The result is en- 
tered into the accumulator. 








29 


2 


2 




' 




25 


4 


2 








35 


5 


2 








32 


6 


2 


21 


7 


2 


31 


8 


2 


42 
29 


4 


3 


42 
25 


6 


3 


42 
35 


7 


3 


42 
32 


8 


3 


42 
21 


9 


3 


42 

31 


10 


3 


ASL 
(Note!) 


m=0 


Shifts the accumulator or the memory contents one bit to 
the left. "0" is entered into bit of the accumulator or the 
memory. The contents of bit 15 (bit 7 when the m flag is 
"1") of the accumulator or memory before shift is entered 
into the C flag. 














OA 


2 


1 


06 


7 


2 








16 


7 


2 


























Lc]Hbi5|-lboM 
m=1 


42 

OA 


4 


2 


[clH b7|-|boM 


BBC 
(Note 3,5) 


Mb=0? 


Tests the specified bit of the memory. Branches when all 
the contents of the specified bit is "0". 






























































BBS 
(Note 3,5) 


Mb=1 ? 


Tests the specified bit of the memory. Branches when all 
the contents of the specified bit is "1". 






























































BCC 
(Notes) 


C=0? 


Branches when the contents of the C flag is "0". 






























































BCS 

(Notes) 


C=1 ? 


Branches when the contents of the C flag is "1". 






























































BEQ 

(Notes) 


Z=l? 


Branches when the contents of the Z flag is "1". 






























































BMI 
(Notes) 


N=1? 


Branches when, the contents of the N flag is "1". 






























































BNE 
(Notes) 


z=o?. 


Branches when the contents of the Z flag is "0". 






























































BPL 
(Notes) 


N=0? 


Branches when the contents of the N flag is "0". 






























































BRA 
(Note 4) 


PC^PC±offset 
PG^PG+1 
(carry occured) 
PG^PG-1 
(borrow occured) 


Jumps to the address indicated by the program counter 
plus the offset value. 

■ 






























































BRK 


PC-PC+2 

M(S)-PG - 

S-S-1 

M(S)^PCh 

S^S-1 

M(S)-PCl 

S-S-1 

M(S)-PSh 

S^S-1 

M(S)^PSl 

S-S-1 

l*-1 

PCl*-ADl 

PCh^ADh 

PG^OOie 


Executes software interruption. 


00 


15 


2 
























































BVC 
(Notes) 


V=0? 


Branches when the contents of the V flag is "0". 






























































BVS 
(Notes) 


V=l? 


Branches when the contents of the V flag is "1". 






























































CLB 
(Notes) 


Mb^O 


Makes the contents of the specified bit in the memory "0". 


























14 


8 


3 






















. 










CLC 


C-0 


Makes the contents of the C flag "0". 


18 


2 


1 
























































CLI 


l*-0 


Makes the contents of the 1 flag "0". 


58 


2 


1 
























































CLM 


m-^O 


Makes the contents oi the m flag "0". 


D8 


2 


1 
























































CLP 


PSb-0 


Specifies the bit position in the processor status register by the bit 
pattern of the second byte in the instruction, and sets "0" in that bit. 








G2 


4 


2 






















• 




























CLV 


V^O 


Makes the contents of the V flag "0": 


B8 


2 


1 
























































CMP 
(Note 1,2) 


Acc-M 


Compares the contents of the accumulator with the contents of 
the memory. 








C9 


2 


2 




. 




C5 


4 


2 








D5 


5 


2 








D2 


6 


2 


CI 


7 


2 


Dl 


8 


2 


42 
C9 


4 


3 


42 

C5 


6 


3 


42 
D5 


7 


3 


42 
D2 


,8 


3 


42 

CI 


9 


3 


42 
Dl 


,0 

1 — 


3 
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Addressing mode 


Processor status register 


Udir) 


L(DIR),Y 


ABS 


ABS.b 


ABS.X 


ABS.Y 


ABL 


ABL.X 


(ABS) 


L(ABS) 


(ABS.X) 


STK 


REL 


DIR,b,R 


ABS,b,R 


SR 


(SR),Y 


BLK 


10 9 8 


7 


6 


5 


4 


3 


2 


1 





op 


n 


# 


op 


n 


t 


op 


n 


# 


op 


n 


t 


op 


n 


* 


op 


n 


tt 


op 




# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


P 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


IPL 


N 


V 


m 


X 


D 


1 


- 


c 


67 


10 


2 


77 


11 


2 


6D 


4 


3 








7D 


6 


3 


79 


6 


3 


6F 


6 


4 


7F 


7 


4 












































63 


5 


2 


73 


8 


2 


■ 












N 


V 










z 


c 


42 
67 


12 


3 


42 
77 


13 


3 


42 
6D 


6 


4 


42 

7D 


8 


4 


42 
79 


8 


4 


42 
6F 


8 


5 


42 

7F 


9 


5 


42 
63 


7 


3 


42 
73 


10 


3 


27 


10 


2 


37 


11 


2 


2D 


4 


3 








3D 


6 


3 


39 


6 


3 


2F 


6 


4 


3F 


7 


4 












































23 


5 


2 


33 


8 


2 












, 


N 












z 


. 


42 
27 


12 


3 


42 
37 


13 


3 


42 

2D 


6 


"^ 


42 
3D 


8 


4 


42 

39 


8 


4 


42 
2F 


8 


5 


42 
3F 


9 


5 


42 
23 


7 


3 


42 
33 


10 


3 














OE 


7 


3 








IE 


8 


3 


















■ 




































































N 










' 


z 


c 
















































































34 


7 


4 


3C 


8 


5 
























* 










* 


• 


' 


















































































24 


7 


4 


2C 


8 


5 
























. 


• 
























































































90 




2 
















































• 


^ 


^ 












' 






























































BO 




2 




































. 












• 














































































FO 




2 














































' 


• 




^ 










































































30 




2 






































■ 




. 




• 


• 














































































DO 




2 










































• 




• 


• 














































































10 




2 










































' 




• 


• 














































































80 




2 










































. 












82 




3 










































" 






































' 








































^ 




















































■ 
































50 


4 


2 


































. 




• 


• 


• 


• 


• 




• 


• 




























, 










































■ 




70 


4 


2 


































'• 




• 


• 


• 


• 


• 


. 


• 


• 












- 








IC 


9 


4 
























































































^ 




• 


• 


• 


• 


• 


• 


• 


• 






' 














































































































. 


. 


. 


. 


. 


. 


. 









































































' 










































• 




• 




. 


. 


• 





. 


. 
















■ 






' 


■ 
























































































. 




. 


. 





. 


. 


. 


. 


. 






























































































^ 






















Specified flag be- 
comes "0". 




















































































































. 





. 


. 


. 


. 


. 


. 


C7 


10 


2 


D7 


11 


2 


CD 


4 


3 








DO 


6 


3 


D9 


6 


3 


CF 


6 


4 


DF 


7 


4 




. 












- 




















L_ 






.... 


C3 


5 

' 


2 


D3 


8 


2 










' 




N 












z 


c 


42 

C7 


12 


3 


42 

D7 


13 


3 


42 
CD 


6 


4 


42 
DD 


8 


4 


42 
D9 


8 


4 


42 
CF 


8 


5 


42 
DF 


9 


5 


42 
C3 


7 


3 


42 
D3 


10 


3 
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Symbol 


Function 


Details 


Addressing mode 


IMP 


IIVIM 


A 


DIR 


DIR.b 


DIR.X 


DIR.Y 


(DIR) 


(D|R,X) 


(DIR),Y 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


tt 


op 


n 


# 


CPX 

(Note 2) 


X-M 


Compares the contents of the index register X with the 
contents of the memory. 








EO 


2 


2 








E4 


4 


2 






































CPY 

(Note 2) 


Y-M 


Compares the contents of the index register Y with the 
contents of the memory. 








CO 


2 


2 








C4 


4 


2 






































DEC 

(NoteD 


Ace*- Ace- 1 or 


Decrements the contents of the accumlator or memory by 
1- 














lA 


2 


1 


C6 


7 


2 








D6 


7 


2 


























42 

1A 


4 


2 


DEX 


x*-x-i 


Decrements the contents of the index register X by 1. , 


CA 


2 


1 
























































DEY 


Y^Y-1 


Decrements the contents of the index register Y by 1. 


88 


2 


1 
















































-i 








DIV 

(Note 2,10) 


A(quotient)^B,A/M 
B(remainder) 


•Rie numeral that places the contents di accumulator B to the higher ader and the 
contents of accumulata A to the lower order is divided by the contents of the memory. 
The quotient is entered into accumulator A and the remander into accumulata B. 








89 
29 


27 


3 








89 
25 


29 


3 








89 
35 


30 


3 








89 
32 


31 


3 


89 
21 


32 


3 


89 
31 


33 


3 


EOR 

(Note 1,2) 


Acc^AccVM 


Logical exclusive sum is obtained of the contents of the 
accumulator and the contents of the memory. The result is 
placed into the accumulator. 








49 


2 


2 








45 


4 


2 








55 


5 


2 








52 


6 


2 


41 


7 


2 


51 


8 


2 


42 
49 


4 


3 


42 
45 


6 


3 


42 
55 


' 


3 


42 
52 


8 


3 


42 

41 


9 


3 


42 
51 


10 


3 


INC 
(Notel) 


Acc*-Acc+1 or 
M *-M+1 


Increments the contents of the accumulator or memory by 


■ 












3A 


2 


1 


E6 


7 


2 








F6 


7 


2 




^ 






















42 
3A 


' 


2 


INX 


X— X+1 


Increments the contents of the index register X by 1. 


E8 


2 


1 




































' 












- 








INY 


Y-Y+1 


Increments the contents of the index register Y by 1 . 


C8 


2 


1 
























































JMP 


ABS 

PCu «- ADl 

PCh-ADh 

ABL 

PCl'-APu 
PCh-ADh 
PG-ADg 

(ABS) 

PCl^(ADh,ADl) 

PCh*-(ADh,ADl+1) 

L(ABS) 

PCl-^(ADh,ADl) 
PCh-(ADh,ADl+1) 
PG *-(ADh, ADl+2) 

(ABS, X) 

PCl-(ADh,ADl+X) 
PCh-(ADh,ADu+X 
+1) 


Places a new address into the program counter and jumps 
to that new address. 




' 














































. 












JSR 


ABS 

M(S)- PCh 

s*-s-i 

M(S)-PCl 

s*-s-i 

PCl*-ADl 
PCh-ADh 

ABL 

M(S)-PG 
S*-S^1 
M(S)-PCh 

s*-s-i 

M(S)*-PCl 
S^S-1 
PCl*-ADl 
PCh^ADh 
PG *- ADg 

(ABS,X) 
M(S)-PCh 
S-S-1 
M(S)^PCl 
S-S-1 

PCl^(ADh,ADl+X) 
PCh*-(ADh,ADl+X 
+1) 


Saves the contents of the program counter (also the con- 
tents of the program bank register for ABL) into the stack, 
and jumps to the hew address. 


_ 


_ 


L 
























' 






' 


■ 










L_ 




.,_„ 




— 
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Addressing mode 


Processor status register | 


L(DIR) 


L(DIR),Y 


ABS 


ABS.b 


ABS,X 


ABS.Y 


ABL 


ABL.X 


(ABS) 


LCABS) 


(ABS,X) 


STK 


REL 


DIR.b.R 


ABS.b.R 


SR 


(SR),Y 


BLK 


10|9 8 


7 


6 


5 


4 


3 


2 


1 





op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


* 


" 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


h 


# 


op 


n 


tt 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


IPL 


N 


V 


m 


X 


D 


1 


Z 


c 














EC 


4 


3 




























































































• 


• 




N 


• 


• 


• 


• 


• 


Z 


c 














CC 


4 


3 




























































































• 


• 


. 


N 




• 


• 


. 


• 


z 


c 














CE 


7 


3 








DE 


8 


3 




















































































, 


N 


, 










z 
















































































































. 


• 




N 


. 




• 


• 




z 
















































































































* 


• 


• 


N 




• 




• 


• 


z 


• 


89 
27 


35 


' 


89 
37 


36 


3 


89 
2D 


29 


4 








89 
3D 


31 


4 


89 
39 


31 


4 


89 
2F 


31 


5 


89 

3F 


32 


5 












































89 
23 


30 


3 


89 
33 


33 


3 








* 


• 




N 


V 


* 


• 


* 




z 


c 


47 


10 


2 


57 


11 


2 


4D 


^ 


3 








50 


6 


3 


59 


6 


^ 


4F 


6 


4 


5F 


7 


^ 












































43 


5 


2 


53 


8 


2 








• 






N 












z 




42 
47 


12 


3 


42 
57 


13 


3 


42 

4D 


6 


4 


42 

5D 


8 


4 


'i 


8 


4 


42 
4F 


8 


5 


42 
5F 


9 


5 


42 
43 


7 


3 


42 
53 


10 


3 














EE 


7 


^ 








FE 


8 


3 
















































































* 






N 


• 










z 










■ 








































































































• 


. 


IM 


. 


. 


. 


. 


' 


z 


,. 




























- 










































































' 








• 


• 


• 


N 


• 


• 


• 






z 


• 














4C 


2 


3 




















5C 


4 


4 








6C 


4 


3 


DC 


8 


3 


7C 


6 


3 






























































. 


. 














20 


6 

„, 


3 




















22 


8 


4 




















FC 


8 


3 




































. 






' 














• 
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Symbol 


Function 


Details 


Addressing mode 


IMP 


IMM 


- 


DIR 


DIR.b 


DIR,X 


DIR.Y 


(DIR) 


(DIR,X) 


(DIR),Y 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


^ 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


LDA 
(Note 1,2) 


Ace - M 


Enters the contents of the memory into the accumulator. 








A9 


2 


2 








A5 


4 


2 








B5 


5 


2 








B2 


6 


2 


Al 


7 


2 


Bl 


8 


2 


42 

A9 


4 


3 


42 
A5 


6 


3 


42 
B5 


7 


3 


42 

B2 


8 


3 


42 

Al 


9 


3 


42 

Bl 


10 


3 


LDM 
(Notes) 


M-IMM 


Enters the immediate value into the memory. 




















64 


4 


3 








74 


5 


3 


























LDT 


DT^IMM 


Enters the immediate value into the data banl< register. 








89 
C2 


5 


3 






















, 




























LDX 

(Note 2) 


X*-M 


Enters the contents of the memory into index register X. 








A2 


2 


2 








A6 


4 


2 














86 


5 


2 




















LDY 

(Note 2) 


Y*-M 


Enters the contents of the memory into index register Y. 








AO 


2 


2 








A4 


4 


2 








B4 


' 


2 


























LSR 
(Notel) 


m=0 


Shifts the contents of the accumulator or the contents of 
the memory one bit to the right. The bit of the accumula- 
tor or the memory is entered into the flag, "0" is entered 
into bit 15 (bit 7 when the m flag is "1".) 














4A 


2 


1 


46 


7 


2 








56 


7 


2 






. 




















OHbid-lbohC 
m=1 


42 

4A 


4 


2 


OH byl-lbo he 


MPY 

(Note 2,11) 


B, A^A*M 


Multiplies the contents of accumulator A and the contents of the mem- 
ory. The higher order of the result of operation are entered into accu- 
mulator B, and the lower order into accumulator A. 








89 
09 


16 


3 








89 
05 


18 


3 








8. 

15 


19 


3 








89 

12 


20 


3 


89 
01 


21 


3 


89 
11 


22 


3 


MVN 
(Notes) 


Mn+i^Mm+i 


Transmits the data block, The transmission is done from 
the lower order address of the block. 






























































MVP 
(Note 9) 


Mn-i-^Mm-i 


Transmits the data block. Transmission is done form the 
higher order address of the data block. 






























































NOP 


PG^PC+1 


Advances the program counter, but performs nothing else. 


EA 


2 


1 
























































ORA 
(Note 1,2) 


Acc^AccVM 


Logical sum per bit of the contents of the accumulator and 
the contents of the memory is obtained. The result is en- 
tered into the accumulator. 








09 


2 


2 








05 


4 


2 








15 


5 


2 








12 


6 


2 


01 


7 


2 


11 


8 


2 


42 

09 


4 


3 


42 
05 


6 


3 


42 
15 


7 


3 


42 
12 


8 


3 


42 
01 


9 


3 


42 
11 


10 


3 


PEA 


M(S)*-IMM2 

s*-s-i 

M(S)^IMMi 
S-S-1 


The 3rd and the 2nd bytes of the instruction are saved into 
the stack, in this order. 






























































PEI 


M(S)^M((DPR) + IMM 

+1) 
S^S-1 

M(S)^M((DPR)+IMM) 
S-S-1 


Specifies 2 sequential bytes in the direct page in the 2nd 
byte of the instruction, and saves the contents into the 
stack. 






























































PER 


EAR^PC+IMM2,IMMi 

M(S)-EARh 

S-S-1 

M(S)^EARl 

S^S-1 


Regards the 2nd and 3rd bytes of the instruction as 16-bit 
numerals, adds them to the program counter, and saves 
the result into the stack. 






























































PHA 


m=0 
M(S)*-Ah 

s*-s-i 

M(S)-Al 
S-S-1 

m=l 

M(S)-Al 

S^S-1 


Saves the contents of accumulator A into the stack. 






























































PHB 


m=0 

M(S)-Bh 

S^S-1 

M(S)-Bl 

S^S-1 

m=1 

M(S)^Bl 

S^S-1 


Saves the contents of accumulator B into'the stack. 
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Addressing mode 


Processor status register | 


L(DIR) 


L(DIR),Y 


ABS 


ABS,b 


ABS.X 


ABS.Y 


ABL 


ABL.X 


(ABS) 


L(ABS) 


(ABS,X) 


STK 


REL 


DIR,b,R 


ABS.b.R 


SR 


(SR),Y 


BLK 


10 9 8 


' 


^ 


5 


4 


3 


2 


1 





op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


" 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


" 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


OP 


n 


# 


op 


n 


tt 


IPL 


N 


V 


m 


X 


D 


1 


Z 


c 


A7 


10 


2 


B7 


11 


2 


AD 


4 


3 








BD 


6 


3 


B9 


6 


3 


AF 


6 


4 


BF 


7 


4 












































A3 


5 


2 


B3 


8 


2 














N 








. 




Z 




42 

A7 


12 


3 


42 

B7 


13 


3 


42 
AD 


6 


4 


42 
BD 


8 


4 


42 
B9 


8 


4 


42 
AF 


8 


5 


42 
BF 


9 


5 


42 
A3 


7 


3 


42 

B3 


10 


3 














9C 


5 


4 








9E 


6 


4 
















































































• 




• 


. 


* 


• 


• 




• 


• 


• 














































































































• 




• 


* 




• 


• 


^ 


• 


• 


• 














AE 


4 


3 














BE 


6 


3 










































































• 




• 


N 


. 


• 


• 




• 


z 


• 














AC 


4 


3 








BC 


6 


3 
















































































• 




• 


N 


. 


• 


• 




• 


z 


• 














4E 


7 


3 








5E 


8 


3 



































































































z 


c 


89 

07 


24 


3 


89 
17 


25 


3 


89 
OD 


18 


4 








89 
ID 


20 


4 


89 

19 


20 


4 


89 

OF 


20 


5 


89 
IF 


21 


5 












































89 
03 


19 


3 


89 
13 


22 


3 








* 




. 


N 


* 


• 


• 




• 


z 











































































































54 


7 3 

+ 

-X7 


* 




* 


, 




* 


■ 


. 


■ 


• 


' 








































































































44 


9 3 
+ 

-X7 


* 




• 


* 




• 


* 


• 


• 


. 


• 
















































, 






























































. 




. 


• 




• 


. 




. 


. 


. 


07 


10 


2 


17 


11 


2 


OD 


4 


3 








ID 


6 


3 


19 


6 


3 


OF 


6 


4 


IF 


7 


4 












































03 


5 


2 


13 


8 


2 














N 








. 




z 




42 

07 


12 


3 


42 
17 


13 


3 


42 

OD 


6 


4 


42 
ID 


8 


4 


42 
19 


8 


4 


42 

OF 


8 


5 


42 

IF 


9 


5 


42 
03 


7 


3 


42 
13 


10 


3 




































































F4 


5 


3 
































. 












• 








. 










































































D4 


5 


2 












































. 


















































































62 


5 


3 


































































































' 




























48 


4 


1 


























. 




































i— 






U 






- 




- 
















_ 
















L— 






_ 










42 
48 


6 


2 


























, 
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Symbol 


Function 


, Details 


Addressing mode 


IMP 


IMM 


A 


DIR 


DIR.b 


DIR.X 


DIR.Y 


(DIR) 


(DIR.X) 


(dir),y: 


op 


n 


# 


op 


n 


# 


op 


^ 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


PHD 


M(S)-DPRh 
S-S-1 
M(S)-DPRl 
S-S-1 


Saves the contents of the direct page register into the 
stack. 






























































PHG 


M(S)-PG 

s*-s-i 


Saves the contents of the program bank register into the 
stack. 
























































_ 






PHP 


M(S)-PSh 

s*-s-i 

M(S)*-PSl 
S-S-1 


Saves the contents of the program status register into the 
stack. 






























































PHT 


M(S)^DT 
S-S-1 


Saves the contents of the data bank register into the 
stack. 






























































PHX 


x=0 ■ 

M(S)*-Xh 

S^S-1 

M(S)-Xl 

S-S-1 

x=1 

M(S)-Xu 

S-S-1 


Saves the contents of the index register X into the stack. 






























































PHY 


x=0 

M(S)^Yh 

S-S-1 

M(S)*-Yl 

S-S-1 

x=1 

M(S)-Yl 

S^S-1 


Saves the contents of the index register Y into the stack. 






























































PLA 


m=0 

S-S+1 

Al-M(S) 

s*-s+i 

Ah-M(S) 

m=1 

S-S+1 

Al-M(S) 


Restores the contents of the stack on the accumulator A. 






























































PLB 


m=0 
S-S+1 
Bl*-M(S) 
S-S+1 

Bh^M(S)' 

m=1 ' 

S-S+1 

Bl-M(S) 


Restores the contents of the stack on the accumulator B. 






























































PLD 


S-S+1 
DPRl-M(S) 
S-S+1 
DPRh-M(S) 


Restores the contents of the stack on the direct page reg- 
ister. 






























































PLP 


S-S+1 

PSl-M(S) 
S^S+1 

pSh*-m(s) ; 


Restores the contents of the stack on the processor status 
register. 

/ ■ 






























































PLT 


S^S+1 
DT-M(S) 


Restores the contents of the stack on the data bank reg- 
ister. 






























































PLX 


x=0 

S-S+1 

Xl*-M(S) 

S-S+1 

Xh^M(S) 

x=1, 

S-S+1 

Xl-M(S)' 


Restores the contents of the stack on the index register X. 
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Addressing mode 


Processor status register ] 


L(DIR) 


L(DIR),Y 


ABS 


ABS.b 


ABS.X 


ABS.Y 


ABL 


ABL,X 


(ABS) 


L(ABS) 


(ABS,X) 


STK 


REL 


DIR,b,R 


ABS,b,R 


SR 


(SR).Y 


BLK 


10|9|8 


7 


6 


5 


4 


3 


2 


1 





op 


n 


# 


op 


n 


« 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


" 


# 


op 


n 


# 


op 


" 


# 


IPL 


N 


V 


m 


X 


D 


1 


Z 


c 




































































OB 


4 


1 






































• 










• 


* 












































































4B 


3 


1 






































• 






• 


. 


• 


• 




• 


• 






































































08 


4 


1 
























































• 






































































8B 


3 


1 






































• 






• 


. 


• 






• 


. 
























































, 














DA 


4 


1 








































• 






















































































5A 


4 


1 












■ 


















































































































68 


5 


1 












































N 












z 














































. 
























42 
68 


7 


2 












































N 












z 






































































2B 


5 


1 














































































. 




























' 




















28 


6 


1 






































Value saved in stack. 




































































AS 


6 


1 






































• 


• 


• 


N 


• 


• 


• 


• 


• 


z 


• 




































































FA 


5 


1 












































N 












z 
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Symbol 


Function 


Details 


Addressing mode 


IMP 


IMM 


A 


DIR 


DIR.b 


DIR,X 


DIR,Y 


(DIR) 


(DIR,X) 


(DIR),Y 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


PLY 


x=0 

S-S+1 

Yl^M(S) 

S-S+1 

Yh*-M(S) 

x=1 

S-S+1 

Yl^M(,S) 


Restores the contents of the stack on the index register Y. 






















































' 








PSH 
(Note 6) 


M(S)^A, B, X--- 


Saves the registers among accumulator, index register, 
direct page register, data bank register, program bank 
register, or processor status register, specified by the bit 
pattern of the second byte of the instruction into the stack. 






























































PUL 

(Note?) 


A, B, X-"^M(S) 


Restores the contents of the stack toithe registers among 
accumulator, index register, direct page register, data 
bank register, or processor status register, specified by 
the bit pattern of the second byte of the instruction. 


' 




























































RLA 
(Note 13) 


m=0 

n bit rotate left 


Rotates the contents of the accumulator A, n bits to the 
left. 








89 
49 


6 

+ 


3 


































\'-'- 
















Lra--iboiJ 

m=1 

n bit rotate left 


L^|b7!-|boiJ , 


ROL 

(Notel) 


m=0 


Links the accumulator or the memory to C flag, and rotates 
result to the left by 1 bit. 














2A 


2 


1 


26 


7 


2 








36 


7 


2 


























m=1 


42 

2A 


4 


2 


^b7l-|boh[c]J 


ROR 

(Notel) 


m=0 


Links the accumulator or the memory to C flag, and rotates 
result to the right by 1 bit. 














6A 


2 


1 


66 


7 


2 








76 


7 


2 


























L[c]-^[^5|-|bo|J 

m=l 


42 

6A 


4 


2 


LicJHbyl-lboH 


RTI 


S-S-M , 

PSl-M(S) 

S-S+1 

PSh^M(S) 

S-S+1 

PCl-M(S) 

S^S+1 

PCh*-M(S) 

S^S+1 

PG^M(S) 


Returns from the interruption routine. 


40 


n 


1 














' 










































RTL 


S^S+1 

peL*-M(s) 

S-S+1 

PCh^M(S)- 

S-S+1 

pg*-vi(s) 


Returns from the subroutine. The contents of the program 
bank register are also restored. 


6B 


8 


1 






. 


















































RTS 


S^S+1 
PCl-M(S) 
S^S+1 
PCh*-M(S) 


Returns from the subroutine. The contents of the program 
bank register are not restored. 


60 


5 


1 














' 










































SBC 
(Note 1,2) 


Ace, C-Acc-M-C 


Subtracts the contents of the memory and the borrow from 
the contents of the accumulator. 


_ 




_ 


. 


2 


2 








.E5 


4 


2 








F5 


5 


2 








F2 


6 


2 


El 


7 


2 


Fl 


8 


2 


42 

E9 


4 


3 


42 
E5 


6 
_ 


3 


42 

F5 


7 


3 


42 
F2 


8 


3 


42 

El 


9 


3 


42 
Fl 


10 

L_ 


3 
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Addressing mode 


Processor status register | 


L(DIR) 


L(DIR),Y 


ABS 


ABS.b 


ABS.X 


ABS.Y 


ABL 


ABL.X 


(ABS) 


L(ABS) 


(ABS,X) 


STK 


REL 


DIR,b,R 


ABS,b,R 


SR 


(SR),Y 


BLK 


10|9 8 


7 


6 


5 


4 


3 


2 


1 





op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


#, 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


IPL 


N 


V 


m 


X 


D 


1 


Z 


c 




































































7A 


5 


1 












































N 










• 


z 






































































EB12 2 

+ 
2ii+i2 






















































. 








































































FB 
3i 


+ 


2 

12 






































If restored the contents of PS, 
it beconnes its value. And the 
other case is no change. 






































































1 


















































. 






, 


















2E 


7 


3 








3E 


8 


3 






















































































N 












z 


c 














6E 


' 


3 








7E 


8 


3 






















































































N 












z 


c 


















■ 




























































































Value saved in stack. 


































































































., 






















• 






• 


' 












■ 


















































- 








































































E7 


10 


2 


F7 


11 


2 


ED 


4 


3 








FD 


6 


3 


F9 


6 


3 


EF 


6 


4 


FF 


' 


4 




































_ 








E3 


5 


2 


F3 


8 


2 














N 


V 










^ 


c 


42 

E7 


12 


3 


42 
F7 


13 


3 


42 
ED 


6 


4 


42 
FD 


8 


4 


42 

F9 


8 


4 


42 
EF 


8 


5 


42 
FF 


9 


5. 


42 
E3 


7 


3 


42 
F3 


10 


3 
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Symbol 


Function 


Details 


Addressing mode | 


IMP 


IMM 


A' 


DIR 


DIR.b 


DIR.xJ 


bIR.Y 1 


(DIR) 


(DIR,X) 


(dir),y| 


op 


n 


# 


op 


n 


# 


op 


n 


#. 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


SEB 

(Notes) 


Mb*-1 


Makes the contents of the specified bit in the memory "1", 


























04 


8 


3 
































SEC 


c*-i 


Makes the contents of the C flag "1 ". 


38 


2 


1 
























































SEI 


1-1 


Makes the contents of the 1 flag "1". 


78 


2 


1 
























































SEM 


m-^1 


Makes the contents of the m flag "1". 


F8 


2 


1 
























































SEP 


PSb-1 


Set the specified bit of the processor status register's low- 
er byte (PSl) to "1". 








E2 


3 


2 


















































STA 
(Notel) 


M-Acc 


Stores the contents of the accumulator into the memory. 




















85 

42 
85 


4 
6" 


2 

y 








95 


5 


2 








92 


7 


2 


81 


7 


2 


91 


7 


2 


42 
95 


7 


3 


42 
92 


9 


3 


42 
81 


9 


3 


42 

91 


9 


3 


STP 




Stops the oscillation of the oscillator. 


DB 


3 


1 
























































STX 


M'-X 


Stores the contents of the index register X into the memory. 




















86 


4 


2 














96 


5 


2 




















STY 


M*-Y 


Stores the contents of the index register Y into the memory. 




















84 


4 


2 








94 


5 


2 


























TAD 


DPR*-A 


Transmits the contents of the accumulator A to the direct 
page register. 


5B 


2 


1 
























































TAS 


S*-A 


Transmits the contents of the accumulator A to the stack pointer. 


IB 


2 


1 
























































TAX 


X-A 


Transmits the contents of the accumulator A to the index 
register X. 


AA 


2 


1 
























































TAY 


Y-A 


Transmits the contents of the accumulator A to the index 
register Y. 


A8 


2 


1 
























































TBD 


DPR-B 


Transmits, the contents of the accumulator B to the direct 
page register. 


42 
5B 


4 


2 
























































TBS 


S*-B 


Transmits the contents of the accumulator B to the stack 
pointer. 


42 
IB 


4 


2 
























































TBX 


X-B 


Transmits the contents of the accumulator B to the index 
register X. 


42 
AA 


4 


2 
























































TBY 


Y-B 


Transmits the contents of the accumulator B to the index 
register Y. 


42 
A8 


4 


2 
























































TDA 


A-DPR 


Transmits the contents of the direct page register to the 
accumulator A. 


7B 


2 


1 
























































TDB 


B-DPR 


Transmits the contents of the direct page register to the 
accumulator B. 


42 

7B 


4 


2 
















' 








































TSA 


A-S 


Transmits the contents of the stack pointer to the accumulator A. 


3B 


2 


1 
























































TSB 


B*-S 


Transmits the contents of the stack pointer to the accumu- 
lator B. 


42 
3B 


4 


2 
























































TSX 


X-S 


Transmits the contents of the stack pointer to the index 
register X. 


BA 


2 


1 
























































TXA 


A-X 


Transmits the contents of the index register X to the accu- 
mulator A. 


8A 


2 


1 
























































TXB 


B*-X 


Transmits the contents of the index register X to the accu- 
mulator B. 


42 

8A 


4 


2 
























































TXS 


s*-x 


Transmits the contents of the index register X to the stack 
pointer. 


9A 


2 


1 
























































TXY 


Y— X 


Transmits the contents of the index register X to the index 
register Y. 


9B 


2 


1 
























































TYA 


A— Y 


Transmits the contents of the index register Y to the accu- 
mulator A. 


98 


2 


1 
























































TYB 


B-Y 


Transmits the contents of the index register Y to the accu- 
mulator B. 


42 
98 


4 


2 
























































TYX 


X'^Y 


Transmits the contents of the index register Y to the index 
register X. 


BB 


2 


1 
























































WIT 




Stops the internal clock. 


CB 


3 


1 
























































XAB 


A^B 


Exchanges the contents of the accumulator A gnd the con- 
tents of the accumulator B. 


89 
28 


6 


2 
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Addressing mode 


Processor status register | 


L(DIR) 


L(DIR),Y 


ABS 


ABS.b 


ABS.X 


ABS.Y 


ABL 


ABL,X 


(ABS) 


L(ABS) 


(ABS.X) 


STK 


REL 


DIR,b,R 


ABS.b.R 


SR 


(SR),Y 


BLK 


10|9|8 


7 


6 


5 


4 


3 


2 


1 





op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


* 


op 


n 


# 


op 


" 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


# 


op 


n 


* 


op 


n 


# 


op 


n 


# 


IPL 


N 


V 


m 


^ 


D 


1 


Z 


c 




















oc 


9 


4 
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• 


• 


Specified flag be- 
comes "1". 


87 


10 


2 


97 


11 


2 


8D 


5 


3 








9D 


5 


3 


99 


5 


3 


8F 


6 


4 


9F 


7 


4 












































83 


5 


2 


93 


8 
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42 

87 


12 


3 


42 
97 


13 


3 


42 

8D 


7 


4 


42 
9D 


7 


4 


42 
99 
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8F 


8 


5 


42 

9F 
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83 
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42 
93 
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Symbols in 


iriachine instructions table 








Symbol 


Description 


Symbol 


Description 


IMP 


implied addressing mode 


V 


Exclusive OR i 




IMM 


Immediate addressing mode 


' 


Negation 




A 


Accumulator addressing mode 




Movement to the arrow direction 




DIR 


Direct addressing mode 


Ace 


Accumulator 




DIR, b 


Direct bit addressing mode 


AcCH 


Accumulator's upper 8 bits 




DIR, X 


Direct indexed X addressing mode 


AcCL 


Accumulator's lower 8 bits 




DIR, Y 


Direct indexed Y addressing mode 


A 


Accumulator A 




(DIR) 


Direct indirect addressing mode 


Ah 


Accumulator A's upper 8 bits 




(DIR, X) 


Direct indexed X indirect addressing mode 


Al 


Accumulator A's lower 8 bits 




(DIR), Y 


Direct indirect indexed Y addressing mode 


B 


Accumulator B 




L(DIR) 


Direct indirect long addressing mode 


Bh 


Accumulator B's upper 8 bits 




L(DIR). Y 


Direct indirect long indexed Y addressing mode 


Bl 


Accumulator B's lower 8 bits 




ABS 


Absolute addressing mode 


X 


Index register X 




ABS, b 


Absolute bit addressing mode 


Xh 


Index register X's upper 8 bits 




ABS, X 


Absolute indexed X addressing mode 


Xl 


Index register X's lower 8 bits 




ABS, Y 


Absolute indexed Y addressing mode 


Y 


Index register Y 




ABL 


Absolute long addressing mode 


Yh 


Index register Y's upper 8 bits 




ABL, X 


Absolute long indexed X addressing mode 


Yu 


Index register Y's lower 8 bits 




(ABS) 


Absolute indirect addressing mode 


S 


Stack pointer 




L(ABS) 


Absolute Indirect long addressing mode 


PC 


Program counter 




(ABS, X) 


Absolute indexed X indirect addressing mode 


PCh 


Program counter's upper 8 bits 




STK 


Stack addressing mode 


PC. 


Program counter's lower 8 bits 




REL 


Relative addressing mode 


PG 


Program bank register 




DIR, b. REL 


Direct bit relative addressing mode 


DT 


Data bank register 




ABS, b, REL 


Absolute bit relative addressing mode 


DPR 


Direct page register 




SR 


Stacl< pointer relative addressing mode 


DPRh 


Direct page register's upper 8 bits 




(SR), Y 


Stack pointer relative indirect indexed Y addressing 


DPRl 


Direct page register's lower 8 bits 






mode 


PS 


Processor status register 




BLK 


Block transfer addressing mode 


PSh 


Processor status register's upper 8 bits 




C 


Carry flag 


PSu 


Processor status register's lower 8 bits 




Z 


Zero flag 


PSb 


Processor status register's b-th bit 




1 


Interrupt disable flag 


M<S) 


Contents of memory at address indicated by 


stack 


D 


Decimal operation mode flag 




pointer 




X 


Index register length selection flag 


Mb 


b-th memory location 




m 


Data length selection flag 


ADg . 


Value of 24-bit address's upper 8-bit (A23~Ai6) 




V 


Overflow flag 


ADh 


Value of 24-bit address's middle 8-bit (Ais-As) 




N 


Negative flag 


ADl 


Value of 24-bit address's lower 8-bit (Ar-Ao) 




IPL 


Processor interrupt priority level 


op 


Operation code 




+ 


Addition 


n 


Number of cycle 




- 


Subtraction 


#^ 


Number of byte 




* 


Multiplication 


i 


Number of transfer byte or rotation 




/ 


Division 


ii.i2 


Number of registers pushed or pulled 




A ' , 


Logical AND 








V 


Logical OR 
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The number of cycles shown in the table is described in case of the fastest mode for each instruction/The number of cycles shown in the table is 
calculated for DPRu=0. The number of cycles in the addressing mode concerning the DPR when DPRl#=0 must be incremented by 1. 
The number of cycles shown in the table differs according to the bytes fetched into the instruction queue buffer, or according to whether the memory 
read/write address is odd or even. It also differs when the external region memory is accessed by BYTE="H". 

Note 1 . The operation code at the upper row is used for accumulator A, and the operation at the lower row is used for accumulator B. 

Note 2 . When setting flag m=0 to handle the data as 16-bit data in the immediate addressing mode, the number of bytes increments by 1. 

Note 3. The number of cycles Increments by 2 when branching. 

Note 4 . The operation code on the upper row is used for branching in the range of —128 — 1-127, and the operation code on the lower row is used for 
branching in the range of —32768 — 1-32767. 



Note 5 . When handling 16-bit data with flag m=0, the byte In the table is incremented by 1. 
Note 6. 



Type of register 


A 


B 


X 


Y 


DPR 


DT 


PG 


PS 


Number of cycles 


2 


2 


2 


2 


2 


1 


1 


2 



The number of cycles corresponding to the register to be pushed are -added. The number of cycles when no pushing is done is 12. ii indicates 
the number of registers among A, B, X, Y, DPR, and PS to be saved, while ia indicates the number of registers among DT and PG to be saved. 



Note 7. 



Type of register 


A 


B 


X 


Y 


DPR 


DT 


PS 


Number of cycles 


3 


3 


3 


3 


4 


3 


3 



The number of cycles corresponding to the register to be pulled are added. The number of cycles when no pulling is done is 14. ii indicates the 
number of registers among A, B, X, Y, DT, and PS to be restored, while i2=1 when DPR is to be restored. 

Note 8 . The number of cycles is the case when the number of bytes to be transfered is even. 
When the number of bytes to be transfered is odd, the number is calculated as; 

7-1- (i/2) X7H-4 

Note that, (i/2) shows the integer part when i is divided by 2. 

Note 9 . The number of cycles is the case when the number of bytes to be transfered is even. 
When the number of bytes to be transfered is odd, the number is calculated as; 

9+ (i/2) X7-H5 

Note that, (i/2) shows the integer part when i is divided by 2. 

Note 10. The number of cycles is the case in the 16-bit-^8-bit operation. The number of cycles is incremented by 16 for 32-bit-M6-bit operation. 
Note 11. The number of cycles is the case in the 8-bitX8-bit operation. The number of cycles is incremented by 8 for 16-bit X16-bit operation. 
Note 12, When setting flag x=0 to handle the data as 16-bit data in the immediate addressing mode, the number of bytes increments by 1. 
Note 13. When flag m is 0, the byte in the table is incremented by 1. 
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M37702E2-XXXFP,M37702E2AXXXFP,M37702E2BXXXFP 
M37702E2FS,M37702E2AFS,M37702E2BFS 

PROM VERSION of M37702M2-XXXFP,M37702M2AXXXFP,M37702M2BXXXFP 



DESCRIPTION 

The M37702E2-XXXFP, M37702E2AXXXFP and M37702E2BXXXFP 
are single-chip microcomputers designed with high- 
performance CMOS silicon gate technology. These are 
housed in a 80-pin plastic molded QFP. The features of 
these chips are similar to those of the M37702M2-XXXFP, 
M37702M2AXXXFP and M37702M2BXXXFP except that these 
chips have a 16K-byte PROM built in. 
These single-chip microcomputers have a large 16M bytes 
address space, 3-byte instruction queue buffers, and 2-byte 
data buffers for high-speed instruction execution. The CPU 
is a IGrblt parallel processor that can also be switched to 
perform 8-blt parallel processing. These microcomputers 
are suitable for office, business and industrial equipment 
controller that require high-speed processing of large data. 
Since general purpose PROM writers can be used for the 
built-in PROM, this chip Is suitable for small quantity pro- 
duction runs. The M37702E2FS (8MHz version), M37702E2AFS 
(16MHz version) and M37702E2BFS (25MHz version) with 
erasable ROM that are housed in a windowed ceramic 
LCC are also provided. 

The differences between the M37702E2-XXXFP, M37702E2AXXXFP 
and M37702E2BXXXFP are the external clock input fre- 
quency as shown below. Therefore, the following descrip- 
tions will be for the M37702E2-XXXFP unless otherwise 
noted. 



Type name 


External clock input frequency 


M37702E2-XXXFP 


8 MHz 


M37702E2AXXXFP 


16MHz 


M37702E2BXXXFP 


25MHz 



DISTINCTIVE FEATURES 

• Number of basic instructions • 103 

• Memory size PROM 16K bytes 

RAM •• • 512 bytes 

• Instruction execution time 
M37702E2-XXXFP 

(The fastest instruction at 8 MHz frequency) 500ns 

M37702E2AXXXFP 

(The fastest instruction at 16 MHz frequency)- •• 250ns 

M37702E2BXXXFP 

(The fastest instruction at 25 MHz frequency) 160ns 

• Single power supply •• •5V±10% 

• Low power dissipation (at 8 MHz frequency) 

••• • •••30mW(Typ.) 

• Interrupts 19 types 7 levels 

• Multiple function 16-bit timer • • 5+3 

• U ART (may also be synchronous) ■••••• 2 

• 8-bit A-D converter 8-channel inputs 

• 12-bit watchdog timer 

• Programmable input/ output 

(ports PO, P1, P2, P3, P4, P5, P6. P7, P8) • •• 68 



PIN CONFIGURATION (TOP VIEW) 






zzzzzzz ii--i-><'>;: 


<<<<<<< ^ o lOOCCH 




ls.ts.NNN.NN w> Ct> OOOOOOOOO 


CLQ.Q.Q.Q.Q.Q.><><>a.Q.Q.Q. 


M t M U i WW 




NRNRFilRNI^I^I^I^HIiilJi^liilliil 




P7o/ANo**[I 





64]^P84/CTSi/RTSi 


P67/TB2,N^II 


H-H^pSg/CLKi 


P66/TB1,M*^[I 




U^PSe/RxDi 


P65/TB0,N^[i 




6D-*P8r/TxDi 


P64/INT2 ** d 




60]**P0o/Ao 


P63/INTi**II 




59]**P0i/Ai 


P62/INTo**[I 




i]**P02/A2 


P6i/TA4|N*>II 


^ S ^ 


sE^^POs/As 


P6o/TA4ouT**[i: 


CO CO ^ 


56]**P04/A4 


P57/TA3,N--[12 


■VI -vl ">J 


U^POg/As 


P56/TA3ouT--[li 


000 

N3 N) rs3 


lil^POe/Ae 


P55/TA2,N**[T1 


rn rn m 


D^-POr/Az 


P54/TA2ouT**Dl 


r\3 -1 rvD -« |N0 
00 > J^ 


52]**P1o/A8/D8 


P53/TA1|N^ni 


^ ^ X 


5i]^P1l/A9/D9 


P52/TA1ouT**[il 


X X 
X X ^ 


50]**P12/Aio/Dl0 


PSi/TAOiN-^Qe 


-n -n 5 
"D -D ^ 


iil**Pl3/Aii/Dii 


P5o/TAOouT--QZ 


i8]**Pl4/Ai2/Di2 


P47/DBC*^[]I 




£]**P15/Al3/Di3 


P46/VPA*-^lil 




l!]**Pl6/Al4/Di4 


P45/VDA* ^ [20 




41]^P17/Ai5/Di5 


P44/QCL* ^ n 




4l]^P2o/Ai6/Do 


P43/MX* ** [1 


r^ 


«]**P2i/Ai7/Di 


P42/0i-*[l 


k J 


4l]**P22/Ai8/D2 


P4i/RDY**[l4 




il]^P23/Ai9/D3 




l25jl26||27j|28Jyi30||3ljyNlMJl35j|36jlEjl38jl39|H 




M t t i i M U M M 1 


/HOLD 

BYTE 

CNVss 




co'^Q-O.^^^^ 


0. Q- Q. £L Q. Q- 


Outline 80P6N 


*: Used in the evaluation chip mode only 



APPLICATION 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as ME and 
NC, communication, and measuring instruments 
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Data Bus(Even) 
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M37702E2-XXXFP,M37702E2AXXXFP,M37702E2BXXXFP 
M37702E2FS,IVI37702E2AFS,IVI37702E2BFS 

PROM VERSION of M37702M2-XXXFP,M37702M2AXXXFP,M37702M2BXXXFP 



FUNCTIONS OF M37702E2-XXXFP 


Parameter 


Functions 


Number of basic instructions 


103 


Instruction execution time 


M37702E2-XXXFP, M37702E2FS 


500ns (the fastest instructions, at 8MH2 frequency) 


M37702E2AXXXFP, M37702E2AFS 


250ns (the fastest instructions, at 16MHz frequency) 


M37702E2BXXXFP, M37702E2BFS 


160ns (the fastest instructions, at 25MHz frequency) 


Memory size 


PROM 


16K bytes 


RAM 


512 bytes 


Input/Output ports 


P0~P2, P4~P8 


8-bitX8 


P3 


4 -bitX 1 


Multi-function timers 


TAO, TA1,TA2, TA3, TA4 


16-bitX5 


TBO, TB1,TB2 


16-bitX3 


Serial I/O 


(UART or clock synchronous serial l/0)X2 


A-D converter 


8 -bitX 1 ( 8 channels) 


Watchdog timer 


12-bitXl 


Interrupts 


3 external types, 16 internal types 

(Each interrupt can b,e set the priority levels to ~ 7 .) 


Clock generating circuit 


Built-in(extemally connected to a ceramic resonator or quartz crystal resonator) 


Supply voltage 


5V±10% 


Power dissipation 


30mW(at external 8 MHz frequency) 


Input/Output characteristic 


Input/Output voltage 


5V 


Output current 


5 mA 


Memory expansion 


Maximum 16M bytes 


Operating temperature range 


-20~85°C 


Device structure 


CMOS high-performance silicon gate process 


Package 


M37702E2-XXXFP, M37702E2AXXXFP, M37702E2BXXXFP 


80-pin plastic molded QFP 


M37702E2FS, M37702E2AFS,M37702E2BFS 


80-pin ceramic LCC (with a window) 
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PIN DESCRIPTION (NORMAL 


MODE) 


Pin 


Name 


Input/Output 


Functions 


Vcc. Vss 


Power supply 




Supply 5 V±10% to Vcc and V to Vss. 


CNVss 


CNVss input 


Input 


This pin controls tfie processornnode. Connect to Vss for single-chip, mode. 




Reset input 


Input 


To enter the reset state, this pin must be l<ept at a "L" condition which should be maintained for the re- 
quired time. 


RESET 


X,N 


Cloci< input 


Input 


These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween X|N and. XouT- When an external clock Is used, the clock source should be connected to the Xin pin 
and the Xout pin should be left open. 


XoUT 


Clocl< output 


Output 


E 


Enable output 


Output . 


Data or instruction read and data write are performed when output from this pin is "L". 


BYTE 


Bus width selection Input 


Input 


In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when "L" signal inputs and 8 bits when "H" signal inputs. 


AVccAVss 


Analog supply input 




Power supply for the A-D converter. Connect AVcc to Vcc and AVss to Vss externally. 


Vref 


Reference voltage input 


Input 


This is reference voltage input pin for the A-D converter. 


POo-POr 


I/O port PO 

■ 


I/O 


In single-chip mode, port PO becomes an 8-bit I/O port. An I/O directional register is available so that each 
pin can be programmed for input or output; These ports are in input mode when reset . 
Address(A7~Ao)is output in memory expansion mode or microprocessor mode. 


P1o~Pl7 


I/O port P1 


I/O 


In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to "L" in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(Di5~D8)is input or output when E output is "L" and an address (Ai5~A8) is output when E output is "H". 
If the BYTE pin is "H" that is an external data bus is 8-bit width, only address(Aig-'A8)is output. 


P2o~P27 


I/O port P2 


I/O 


In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~Do) is input or output when E output is "L" and an address(A23~Ai6)is 
output when E output is "H". 


P3o~P33 


I/O port P3 


I/O 


In single-chip mode , these pins have the same functions as port PO, In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, ALE, and HLDA signals are output. 


P4o~P47 


I/O port P4 


I/O 


In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P4o and P4i become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode, port P42 can be programed 
for 01 output pin divided the clock to X|n pin by 2. In microprocessor mode, P42 always has the function as 
01 output pin. 


P5o~P57 


I/O port P5 


I/O 


In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer AO, timer A1 , timer A2, and timer A3. 


P6o~P67 


I/O port P6 


I/O 


In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer A4, external interrupt input INTp, INTi, and INT2 pins, and input pins for timer BO, timer B1, 
and timer B2. 


P7o-P77 


I/O port P7 


I/O 


In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANo~AN7 input pins. P77 also has an A-D conversion trigger input function. 


P8o-^P87 


I/O port P8 


I/P 


In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 
TxD, CLK, Cfs/RTS pins for U ART and UART 1. 
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PIN DESCRIPTION (EPROM MODE) 


Pin 


Name 


Input/Output 


Functions 


Vcc, Vss 


Power supply 




Supply 5V±10%toVccand OVtoVss. 


CNVss 


Vpp input 


Input 


Connect to Vpp when programming or verifing. 


BYTE 


Vpp input 


Input 


Connect to Vpp wlien programming or verifing. 




Reset input 


Input 


Connect to Vss. ' 


RESET 


X,N 


Cloclc input 


Input 


Connect a ceramic resonator between Xin and Xqut- 


XoUT 


Clock output 


Output 


E 


Enable output 


Output 


Keep open. 


AVcc, AVss 


A-D power supply 


Input 


Connect AVcc to Vcc and AVss to Vss- 


Vref 


Reference voltage input 


Input 


Connect to Vss- 


POo~P07 


Address input (Ao~A7) 


Input 


Port PO functions as tlie lower 8 bits address input (Ao~A7). 


P1o~Pl7 


Address input (A8~Ai,4) 


Input 


Port P1o~Pl6 functions as the higher 7 bits address input (A8~Ai4). Connect PI 7 to Vcc- 


P2o~P27 


Data I/O (Do~D7) 


I/O 


Port P2 functions as the 8 bits data bus (Do~D7). 


P3o~P33 


Input port P3 


Input 


Connect to Vss. 


P4o~P47 


Input port P4 


Input 


Connect to Vss- 


P5o~P57 


Control signal input 


Input 


P5i and PSz functions as OE and CE input pin. 

Connect P5o, PSa, P54 and PSs to Vcc- Connect PSe and P57 to Vss- 


P6o~P67 


Input port P6 


Input 


Connect to Vss- 


P7o~P77 


Input port P7 


Input 


Connect to Vss- 


P8o~P87 


Input port P8 


Input 


Connect to Vss- 
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EPROM MODE 

The M37702E2-XXXFP features an EPROM mode in addi- 
tion to its normal modes. When the RESET signal level is 
"L", the chip automatically enters the EPROM mode. Table 
1 list the correspondence between pins and Fig. 1 shows 
the pin connections in the EPROM. mode. 
When in the EPROM mode, ports PO, P1, P2, P5i, PSg, 
CNVss and BYTE are used for the EPROM (equivalent to 
the M5M27C256K). When in this mode, the built-in PROM 
can be written to or read from using these pins In the same 
way as with the M5M27C256K. 

This chip does not have Device Identifer Mode, so that set 
the corresponding program algorithm. The program area 
should specify address 4000i6~7FFFi6 for the M37702E2- 
XXXFP. 



Connect the clock which is either ceramic resonator or ex- 
ternal clock to X|n pin and Xqut pin- 

Caution: 

Describing in this section, the built-in PROM can be written 

to or read in the same way as with the M5M27C256K 

(256Kmode). 

But in the future, for M37702E2BXXXFP and M37702E2BFS, 

1M mode way becomes standard. 




rT 



lo O tr I- 






64] ♦* P84/CTS1/RTS1- 
63]. 



CO 

o 

m 

ro 

I 

X 

X 

X 



60]-*->- 
59] *> 
58)-»-»- 

54]^ 



I25]l26]l27jl28jl29j|30jl3ljl32]l33||34j|35]|36jl37^ 
M t t i 1 M t t M t t 



ID* 

50]. 

49] -» 

^. 

^< 

46]- 

45],- 

44] ■*-*■ 

43]- 

42]- 

41]- 



P85/CLK1- 

PSe/RxDi— 
PSr/TxDi— 
POo/Ao — 

PO1/A1 

PO2/A2 — 

PO3/A3 

PO4/A4 

PO5/A5 

POe/Ae 

► PG7/A7- 

►Plo/As/Ds- 
►PI1/A9/D9- 
►PI2/A10/D1C 



-Cm) 



PI3/A11/D11- 
PI4/A12/D12- 
PI5/A13/D13- 
PI6/A14/D14- 
PI7/A15/D15- 

P2o/Ai6/Do- 
P2i/Ai7/Di— 
P22/A18/D2— 
P23/A19/D3- 









m 



: uj|iii|> , 



d 



>^'[Q _i|ii^ Q Q Q Q 
'-I <|m. cc ^ ^ ^ g 

~ ■ "^ "■ (N C\J C\J C\J 
Q. Q. Q. Q. 



06_ 
* 



d 



Outline 80P6N 



* : Connect to ceramic oscillation circuit. 
CD '• Same functions as M5M27C256K. 



Fig. 1 Pin connection in EPROM programming mode 
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Table 1 Pin function in EPROM programming mode 





M37702E2-XXXFP 


M5M27C256K 


Vcc 


Vcc 


Vcc 


Vpp 


CNVss, BYTE 


Vpp 


Vss 


Vss 


^ss 


Address input 


Ports PO, P1o~Pl6 


Ao~Ai4 


Data I/O 


Port P2 


Do~D7 


CE 


P52 


CE 


OE 


P5i 


OE 



FUNCTION IN EPROM MODE 
Reading 

To read the EPROM, set the CE and OE pins to a "L" level. 
Input the address of the data (Ao^A^) to be read and the 
data will be output to the I/O pins Do ~ D7. The data I/O 
pins will be floating when either the CE or OE pins are in 
the "H" state. 



Writing 

To write to the EPROM, set the OE pin to a "H" level. The 
CPU will enter the program mode when Vpp is applied to 
the Vpp pin. The address to be written to is selected with 
pins Ao~Ai4, and the data to be written is input to pins Do 
~D7. Set the CE pin to a "L" level to being writing. 

Erasing 

To erase data on this chip, use an ultraviolet light source 
with a 2537 Angstrom wave length. The minimum radiation 
power necessary for erasing is 15W-s/cm^. 
( M37702E2FS, M37702E2AFS, M37702E2BFS) 



FAST PROGRAMMING ALGORITHM 

To program the M37702E2-XXXFP with fast programming 
algorithm, first set Vcc=6V, Vpp=12.5, and set the address 
to "0". Apply a 1ms write pulse, check that the data can be 
read, and if it cannot be read OK, repeat the procedure, 
applying a 1ms write pulse and checking that the data can 
be read until it can be read OK. Record the accumulated 
number of pulse applied (N) before the data can be read 
OK, and then write the data again, applying a further three 
times this number of pulses (3XN ms). 
When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 
Finally, when all addresses have been written, read with 
Vcc=Vpp=5V (or Vcc=Vpp=5.25V). 



Table 2 I/O signal in each mode 






^-^.^^^^^ Pin 


CE 


OE 


Vpp 


Vcc 


Data I/O 


Read-out 


V|L 


V,L 


5V 


5V 


Output 


Output 
Disable 


V.L 


V,H 


5V 


5V 


Floating 


V,H 


X 


5V 


5V 


Floating 


Programming 


V,L 


V,H 


12.5V 


6V 


Input 


Programming 
Verify 


V,H 


V,u 


12.5V 


6V 


Output 


Program Disable 


V,H 


V,H 


12.5V 


6V 


Floating 



Note 1 '. An X indicates eitlier V|l or V,h 



Program operation 

AG ELECTRICAL CHARACTERISTICS (Ta=25±5°C, Vcc=6V±0. 25V, Vpp=12.5±0.3V, unless otiierwise noted) 



Symtjol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


tAS 


Address setup time 




2 






MS 


toES 


OE setup time 




2 






JUS 


tos 


Data setup time 




2 






MS 


tAH 


Address hold time 











MS 


toH 


Data hold time 




2 






MS 


toFP 


Output enable to output float delay 









130 


ns 


Wcs 


Vcc setup time 




2 






MS 


tvps 


Vpp setup time 


• 


2 






MS 


tppw 


CE initial program pulse width 




0.95 


1 


1.05 


ms 


topw 


CE over program pulse width 




2.85 




78.75^ 


ms 


toE 


Data valid from OE 








150 


ns 
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AC waveforms 



ADDRESS 



CE 



V. A 



V,h/V< 



IH/VoH 



V.l/Vol 
Vpp 



Vcc+1 



V,H 

V,u 

V,H 



c 



PROGRAM 



DATA SET 



> 



% 



topw 



^. 



VERIFY 



^: 



DATA OUTPUT 
VALID 



/ 



K 



J 



Fast programming algorithm flow chart 



I START I 

' I ' 

(^ADDR=FIRST LOCATION ^ 



n ^ Vpp= 12.5V J 
- ^ PROGRAM ONE PULSE OF 1 ms ^ 




. PASS 

I DEVICE PASSED | 



*4.5^Vcc=Vpp^5.5V 



3-10 



MITSUBISHf 
k ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M37702E2-XXXFP,M37702E2AXXXFP,M37702E2BXXXFP 
M37702E2FS,M37702E2AFS,M37702E2BFS 

PROM VERSION of M37702M2-XXXFP,M37702M2AXXXFP,M37702M2BXXXFP 



SAFETY INSTRUCTIONS 

(1) Sunlight and fluorescent lamp contain light that can 
erase written information. When using in read mode, be 
sure to cover the transparent glass portion with a seal 
or other materials (ceramic package product). 

(2) Mitsubishi Electric corp. provides the seal for covering 
the transparent glass. Take care that the seal does not 
touch the read pins (ceramic package product). 

(3) Clean the transparent glass before erasing. Fingers' 
flat and paste disturb the passage of ultraviolet rays 
and may affect badly the erasure capability (ceramic 
package product). 

(4) A high voltage is used for writing. Take care that over- 
voltage is not applied. Take care especially at power 
on. 

(5) The programmable M37702E2FP, M37702E2AFP and 
M37702E2BFP that are shipped in blank are also pro- 
vided. For the M37702E2FP, M37702E2AFP and 
M37702E2BFP, Mitsubishi Electric corp. does not per- 
form PROM write test and screening in the assembly 
process and following processes. To improve reliability 
after write, performing write and test according to the 
flow below before use is recommended. 



BASIC FUNCTION BLOCKS 

Since these processors operate in exactly the same way as 
the M37702M2-XXXFP, refer to the section on the 
M37702M2-XXXFP. 

ADDRESSING MODES 

The M37702E2-XXXFP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 

MACHINE INSTRUCTION LIST 

The M37702E2-XXXFP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction list for details. 

DATA REQUIRED FOR PROM ORDERING 

Please send the following data for writing to PROM. 

(1) M37702E2-XXXFP writing to PROM order confirmation 

form 
. (2) 80P6N mark specification form 
(3) ROM data (EPROM 3sets) 



Writing with PROM writer 



\L 



Screening (Note) 

(Leave at 150°C for 40 hours) 



V^ 



Verify test with PROM wriwer 



AC. 



Function check in target device 



Note '• Never expose to 150°C exceeding 100 hours. 

(6) Use a fit 10 socket to mountain the ceramic package 
product except for evaluation. Settle the ceramic pack- 
age in an 10 socket with silicon resin and the like, 
surely. 
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ABSOLUTE MAXIMUM RATINGS 


Symbol 


Parameter ^ 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 3~ 7 


V 


AVcc 


Analog supply voltage 




-0. 3~ 7 


V 


V, 


Input voltage RESET, CNVss, BYTE 




-0.3-12 


V 


V| 


Input voltage POo-POr, P1o~Pl7, P2o~P27, P3o~P33, 
P4o~P47, P5o~P57, P6o~P67, P7o~P77, 

P8o~P87, Vref, XiN 




-0. 3~VccH-0. 3 


V 


Vo . 


Output voltage P0o~PO7, P1o~Pl7, P2o~P27, P3o~P33, 
P4o~P47, P5o~P57, P6o~P67, P7o~P77. 
P8o~P87, XouT, E 




-0. 3~Vcc+0. 3 


V 


Pd 


Power dissipation 


Ta=25r 


300 


mW 


Topr 


Operating temperature 




-20—85 


°C 


Tstg 


Storage temperature 




-40-150 


°c 



RECOMMENDED OPERATING CONDITIONS (Vcc=5V±10%Ta=-20~85C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min. 


Typ. 


Max. 


Vcc 


Supply voltage 


4.5 


5.0 


5.5 


V 


AVcc 


Analog supply voltage 




Vcc 




V 


Vss 


Supply voltage 









V 


AVss 


Analog supply voltage 









V 


V,H 


High-level input voltage POq- 
P5o' 
P8o- 
BYT 


-'PO7, P3o~P33, P4o~P47, 
-P57, P6o~P67, P7o~P77, 


0. 8Vcc 




Vcc 


V 


-P87, XiN, RESET, CNVss. 
E 


V,H 


High-level input voltage P1o~Pl7, P2o~P27 

(in single-chip mode) 


0. 8Vcc 




Vcc 


V 


V,H 


High-level input voltage P1o~Pl7> P2o~P27 

(In memory expansion mode and 
microprocessor mode) 


0. 5Vcc 




Vcc 


V 


V,L 


Low-level input voltage POo'--P07, P3o~P33, P4o'^P47, 
P5o~P57, P6o~P67, P7o~P77, 
P8o~P87, X|N, RESET, CNVss, 
BYTE 







0. 2Vcc 


V 


V|L 


Low-level input voltage P1o~Pl7, P2o~P27 

(in single-chip mode) 







0. 2Vcc 


V 


V,L 


Low-level input voltage P1o~Pl7. P2o~P27 

(in memory expansion mode and 
microprocessor mode) 







o.ievcc 


V 


loH(peak) 


High-level peak output current POo~P07, P1o~Pl7- P2o~P27> 
P3o~P33, P4o~P47, P5o~P57, 
P6o~P67, P7o~P77, P8o~P87 






-10 


mA 


loH(avg) 


High-level average output current POo~P07, P1o~Pl7, P2o~P27, 
P3o~P33, P4o~P47, P5o~P57, 
P6o~P67, P7o~P77, P8o~P87 






-5 


mA 


loL(peak) 


Low-level peak output current POo~P07, P1o~Pl7- P2o~P27, 
P3o~P33, P4o~P47, P5o~P57, 
P6o~P67, P7o~P77, P8o~P87 






10 


mA 


loL(avg) 


Low-level average output current P0o~P07, P1o~Pl7, P2o~P27, 
P3o~P33, P4o~P47, P5o~P57, 
P6o~P67, P7o~P77, P8o~P87 






5 


mA 


f(X,N) 


External clock frequency input 


M37702E2-XXXFP, M37702E2FS 






8 


MHz 


M37702E2AXXXFP, M37702E2AFS 






16 


M37702E2BXXXFP, M37702E2BFS 






25 



Motel. Average output current is the average value of a 100ms interval. 

2 . The sum of loL(peak) ^or ports PC, PI, P2, P3, and P8 must be 80mA or less, 
the sum of loH(peak) for ports PC, PI, P2, P3, and P8 must be 80mA or less, 
the sum of loL(peak) fo*" POrts P4, P5, P6, and P7 must be 80mA or less, and 
the sum of loH(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 
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M37702E2-XXXFP 

ELECTRICAL CHARACTERISTICS (Voc=5V, Vss=OV. Ta=25t, f(X,„)=8MHz, unless otherwise noted) 



Symbol 


Parameter 


, 




Limits 


Unit 




Min. 


Typ. 


Max. 


VoH 


High-level output voltage POo-POr, P1o~Pl7, P2o~P27, 
P3o, P3i, P33, P4o~P47, 
P5o~P57, P6o~P67, P7o~P77, 
P8o~P87 


loH=-10mA 


3 






V 


VoH 


High-level output voltage POq-PO?, P1o~Pl7, P2o~P27, 
P3o, P3i, P33 


loH=-400/iA 


4.7 






V 


VoH 


High-level output voltage P32 


loH=-10mA 


3.1 






V 


loH=-400//A 


4.8 






VoH 


High-level output voltage E 


loH=-10mA 


3.4 






V 


*loH=-400;c.A 


4.8 






Vol 


Low-level output voltage POo—PO?, P1o~Pl7. P2o~P27, 
P3o, P3i, P33, P4o~P47, 
P5o~P57. P6o~P67, P7o~P77, 
P8o~P87 


loL=10mA 






2 


V 


Vol 


Low-level output voltage POo~P07, P1o~Pl7> P2o~P27, 
P3o, P3i, P33 


loL=2mA 






0.45 


V 


Vol 


Low-level output voltage P32 


loL=10mA 






1.9 


V 


loL=2mA 






0.43 


Vol 


Low-level output voltage E 


loL=10mA 






1.6 


V 


loL=2mA 






0.4 


Vt+-Vt- 


Hysteresis HOLD, RDY, TA0|n~TA4in, TB0|n~TB2in, 

INTo-INTa, ADtrg, CTSq, CTSi, CLKq, CLKi 




0.4 




1 


V 


Vt+-Vt- 


Hysteresis RESET 




0.2 




0.5 


V 


Vt+-Vt- 


Hysteresis Xin 




0.1 




0.3 


V 


I.H 


High-level input current POo~P07, P1o~Pl7, P2o~P27, 
P3o~P33, P4o~P47, P5o~P57, 
P6o~P67, P7o~P77, P8o~P87, 


V|=5V 






5 


/.A 


X|N, R^SET, CNVss, BYTE 


'"- 


Low-level input current POo~P07, P1o~Pl7> P2o~P27, 
P3o~ P33, P4o~ P47, P5o~ P57, 
P6o~ P67, P7o~ P77, P8o~ P87, 
X|N, RESET, CNVss, BYTE 


V|=OV 






-5 


MfK 


Vram 


RAM hold voltage 


When clock is stopped. 


2 






V 


Ice 




Power supply current 


In single-chip mode 
output only pin is 
open and other pins 
are Vss during reset. 


f(XiN)=8MHz, 
square waveform 




6 


12 


mA 


Ta=25°C when clock 
is stopped. 






1 


jufK 


Ta=85°C when clock 
is stopped. 






20 



A-D CONVERTER CHARACTERISTICS (Vcc=5V, Vss=OV, Ta=25°C, f(X,N)=8MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits , 


Unit 


Min. 


Typ. 


Max. 


- 


Resolution 


Vref=Vcc 






8 


Bits 


- 


Absolute accuracy 


Vref=Vcc' 






±3 


LSB 


Rladder 


Ladder resistance 


Vref=Vcc 


2 




10 


kO 


tcONV 


Conversion time 




28.5 






fUS 


Vref 


Reference voltage 




2 




Vcc 


V 


V.A 


Analog input voltage 









Vref 


V 
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M37702E2AXXXFP 

ELECTRICAL CHARACTERISTICS •(Vcc=5V, Vss=OV, Ta=25*C, f(X,N)=16MHz, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min. 


Typ. 


i^ax. 


VoH 


High-level output voltage POo^PO/, P1o~Pl7, P2o~P27, 
P3o, P3i, P33, P4o~P47, . 
P5p~P57, P6o~P67, P7o~P77, 
P8o~P87 


loH=-10mA 


3 






V 


VoH 


High-level output voltage POo~P07, P1o~Pl7> P2o~P27, 
P3o, P3i, P33 


loH=-400/.A 


4.7 






V 


VoH 


High-level output voltage P32 


loH=-10mA 


3.1 






V 


loH=-400//A 


4.8 






VoH 


High-level output voltage E 


loH=-10mA 


3.4 






V 


loH=-400//A 


4.8 






Vol 


Low-level output voltage POo~P07, P1o~Pl7, P2o~P27, 
P3o, P3i, P33, P4o~P47, 
P5o~P57, P6o~P67, P7o~P77, 
P8o~P87 


ioL=10mA 






2 


V 


Vol 


Low-level output voltage POo~P07, P1o~Pl7, P2o~P27, 
P3o, P3i, P33 


loL=2mA 






0.45 


V 


Vol 


Low-level output voltage P32 


loL=10mA 






1.9 


V 


loL=2mA 






0.43 


Vol 


_ 
Low-level output voltage E 


loL=10mA 






1.6 


V 


loL=2mA 






0.4 


Vt+-Vt- 


Hysteresis HOLD, RDY, TA0|n~TA4,n, TB0|n~TB2|n, 

INTo~INT2. ADtrg, CTSo, CTSi, CLKo, CLKi 




0.4 




1 


V 


Vt+-Vt- 


Hysteresis RESET 




0.2 




0.5 


V 


Vt+-Vt- 


Hysteresis Xin 




0.1 




0.3 


V 


l|H 


High-level input current POo~P07, P1o~Pl7. P2o~P27, 
P3o~P33, P4o~P47, P5o~P57, 
P6o~P67, P7o~P77, P8o~P87, 
Xin, reset, CNVss, BYTE 


V|=5V 


. 




5 


JUA 


IlL 


Low-level input current POo~P07, P1o~Pl7> P2o~P27, 
P3o~P33, P4o~P47, P5o~P57, 
P6o~P67, P7o~P77, P8o^P87, 
Xin, reset, CNVss, BYTE 


V|=OV 






-5 


jufK 


Vram 


RAM hold voltage 


When clock is stopped. 


2 






V 


Ice 


Power supply current 


In single-chip mode 
output only pin is 
open and other pins 
are Vss during reset. 


f(X|N)=16MHz, 
square waveform 




12 


24 


mA 


Ta=25°C when clock 
is stopped. 






1 


lu/K 


Ta=85°C when dock 
Is stopped. 






20 



A-D CONVERTER CHARACTERISTICS (Vcc=5V, Vss=OV, Ta=25°C, f(XiN)=16MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Liniits 


Unit 


Min. 


Typ. 


Max. 


- 


Resolution 


Vref=Vcc 






8 


Bits 


- 


Absolute accuracy 


Vref=Vcc 






±3 


LSB 


Rladder 


Ladder resistance 


Vref=Vcc 


2 




10 


kO 


tcONV 


Conversion time 




14.25 






JUS 


Vref 


Reference voltage 




2 




Voc 


V 


V,A 


Analog input voltage 









Vref 


V 
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M37702E2BXXXFP 

ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=OV, Ta=25lC, f(X,N)=25MHz, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min. 


Typ. 


Max. 


VoH 


High-level output voltage POq-POt, P1o~Pl7. P2o~P27, 
P3o, P3i, P33, P4o~P47, 
P5o~P57, P6o~P67, P7o~P77, 
P8o~P87 


loH=-10mA 


3 






V 


VoH 


High-level output voltage POo~P07, P1o~Pl7- P2o~P27, 
P3o, P3i, P33 


loH=-400//A 


4.7 






V 


VbH - 


High-level output voltage P32 


loH=-10mA 


3.1 






V 


loH=-400/.A 


4.8 






VoH 


High-level output voltage E 


loH=-10mA 


3.4 






V 


loH=-400/^A 


4.8 






Vol 


Low-level output voltage POo-POr, P1o~Pl7, P2o~P27, 
P3o, P3i, P33, P4o~P47, 
P5o~P57, P6o~P67, P7o~P77, 
P8o~P87 


loL=10mA 






2 


V 


Vol 


Low-level output voltage POo~P07, P1o~Pl7> P2o~P27, 
P3o, P3i, P33 


loL=2mA 






0.45 


V 


Vol 


Low-level output voltage P32 


loL=10mA 






1.9 


V 


loL=2mA 






0.43 


Vol 


Low-level output voltage E 


loL=10mA 






1.6 


V 


loL=2mA 






0.4 


Vt+-Vt- 


Hysteresis HOLD, RDY, TA0in~TA4|n, TB0in~TB2,n, 

INTo~INT2, ADtrg, CTSo, CTSi, CLKq, CLKi 




0.4 




1 


V 


Vt+-Vt- 


Hysteresis RESET 




0.2 




0.5 


V 


Vt+-Vt- 


Hysteresis X|n 




0.1 




0.3 


V 


I.H 


High-level input current POo~P07, P1o~Pl7- P2o~P27, 
P3o~P33, P4o~P47, P5o~P57, 
P6o~P67, P7o~P77, P8o~P87, 


V,=5V 






5 


/^A 


X|N, RESET, CNVss, BYTE 


I.L 


Low-level input current POo~P07, P1o~Pl7. P2o~P27, 
P3o~P33, P4o~P47, P5o~P57, 
P6o~P67, P7o~P77, P8o~P87, 


V|=OV 






-5 


nA 


X,N, RESET, CNVss, BYTE 


Vram 


RAM hold voltage 


When clock is stopped. 


2 






V 


Ice 


Power supply current 


In single-chip mode 
output only pin is 
open and other pins 
are Vss during reset. 


f(X,N)=25MHz, 
square waveform 




19 


38 


mA 


Ta=25°C when clock 
is stopped. 






1 


//A 


Ta=85°C when clock 
is stopped. 






20 



A-D CONVERTER CHARACTERISTICS (Vcc=5V, Vss=OV, Ta=25°C, f(X,N)=25MHz. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


- 


Resolution 


Vref=Vcc 






8 


Bits 


- 


Absolute accuracy 


Vref=Vcc 






±3 


LSB 


Rladder 


Ladder resistance 


Vref=Vcc 


2 




10 


kn 


tcONV 


Conversion time 




9.12 






A^s 


Vref 


Reference voltage 




2 




Voc 


V 


V,A 


Analog input voltage 









Vref 


V 
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TIMING REQUIREMENTS (Vcc=5V±10%, Vss=OV, Ta=25°C, unless otherwise noted) 

External clock input 



Symbol 


Parameter 


Limits 


Unit 


8IVIHZ 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc 


External clock input cycle time 


125 




62 ^ 




40 




ns : 


tw(H) 


External clock input high-level pulse width 


50 




25 




15 




ns 


tw(L) 


External clock input low-level pulse width 


50 




25 




15 




ns 


tr 


External clock rise time 




20 




. 10 




8 


ns 


*f 


External clock fall time 




20 




10 




8 


ns 



Single-chip mode 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tsU(POD— E) 


Port PO input setup time 


200 




100 




60 




ns 


tsU(P1D— E) 


Port PI input setup time 


200 




100 




60 




ns 


tsU(P2D— E) 


Port P2 input setup time 


200 




100 




60 




ns 


tsU(P3D— E) 


Port P3 input setup time 


200 




100 




60 




ns 


tsU(P4D— E) 


Port P4 input setup time 


200 




100 




60 




ns 


tsU(P5D— E) 


Port P5 input setup time 


200 




100 




60 




ns 


tsU(P6D— E) 


Port P6 input setup time 


200 




100 




60 




ns 


tsU(P7D— E) 


Port P7 input setijp time 


200 




100 




60 




ns 


tsU(P8D— E) 


Port P8 input setup time 


200 




100 




60 




ns 


th(E— POD) 


Port PO input hold time 















' 


ns 


th(E-PID) 


Port P1 input hold time 

















ns 


th(E-P2p) 


Port P2 input hold time 















■ 


ns 


th(E— P3D) 


Port P3 input hold time 

















ns 


th(E— P4D) 


Port P4 input hold time 

















ns 


th(E-P5D) 


Port P5 input hold time 

















ns 


th(E-P6D) 


Port P6 input hold time 

















ns 


th(E— P7D) 


Port P7 input hold time 





. 












ns 


th(E-P8D) 


Port P8 input hold time 

















ns 



Memory expansion mode and microprocessor mode 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tsu(PiD— E) 


Port PI input setup time 


60 




45 




30 




ns 


tsu(P2D— E) 


Port P2 input setup time 


60 




45 




30 




ns 


tsuCRDY— 9>i) 


RDY input setup time 


70 




60 




55 




ns 


tsU(HOLD— 0i) 


HOLD input setup time 


70 




60 




,55 




ns 


th(E— P1D) 


Port PI input hold time 

















ns 


th(E— P2D) 


Port P2 input hold time 

















ns 


th(<*i— RDY) 


RDY input hold time 

















ns 


th(<*i — HOLD) 


HOLD input hold time 

















ns 
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Timer A input (count input in event counter mode) 


Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TA) 


TAliN input cycle time 


250 




125 




80 




ns 


tw(TAH) 


TAliN input high-level pulse width 


125 




62 




40 




ns 


tw(TAL) 


TAliN input low-level pulse width 


125 




62 




40 




hs 



Timer A input (Gating input m timer mode) 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TA) 


TAiiN input cycle time 


1000 




500 




320 




ns 


tw(TAH) 


TAiiN input high-level pulse width 


500 




250 




■ 160 




ns 


tw(TAL) 


TAiiN input low-level pulse width 


500 




250 




160 




ns 



Timer A input (External trigger input in one-shot pulse mode) 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TA) 


TAiiN input cycle time 


500 




250 




160 




ns 


tw(TAH) 


TAiiN input high-level pulse width 


250 




125 




80 




ns 


tw(TAL) 


TAiiN input low-level pulse width 


250 




125 




80 




ns 



Timer A input (External trigger input in pulse width modulation mode) 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tvV(TAH) 


TAiiN input high-level pulse width 


250 




125 




80 




ns 


tw(TAL) 


TAiiN input low-level pulse width 


250 




125 




80 




ns 



Timer A input (Up-down input in event counter mode) 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(up) 


TAiouT input cycle time 


5000 




2500 


' 


2000 




ns 


tw(UPH) 


TAiouT input high-level pulse width 


2500 




1250 




1000 




ns 


tw(UPL) 


TAIouT input low-level pulse width 


2500 




1250 




1000 




ns 


tsU(UP-TiN) 


TAiouT input setup time 


1000 




500 




400 




ns 


th(T,N-UP) 


TAiouT input hold time 


1000 




500 




400 




ns 
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Timer B input (Count input in event counter mode) 


Symbol 


Parameter 


, Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TB) 


TBiiN input cycle time (one edge count) 


250 




125 




80 




ns 


tw(TBH) 


TBiiN input high-level pulse width (one edge count) 


125 




62 




40 




ns 


tw(TBL) 


TBiiN input low-level pulse width (one edge count) ' 


125 




62 




40 




' ""'ns " 


tc(TB) 


TBiiN input cycle time (both edges count) 


500 




250 




160 




ns 


tw(TBH) 


TBiiN input high-level pulse width (both edges count) 


250 




125 




80 




ns 


tw(TBL) 


TBiiN input low-level pulse width (both edges count) 


250 




125 


- 


80 




ns 


Timer B input (Pulse period measurement mode) 


Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TB) 


TBiiN input cycle time 


1000 




500 




320 




ns 


tw(TBH) 


TBiiN input high-level pulse width 


500 




250 




160 




ns 


tw(TBL) 


TBiiN input low-level pulse width 


500 




250 




160 




ns 


Timer B input (Pulse width measurement mode) 


Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TB) 


TBiiN input cycle time 


1000 




500 




320 




ns ' 


tw(TBH) 


TBiiN input high-level pulse width 


500 




250 




160 




ns 


tw(TBL) 


TBiiN input low-level pulse width 


500 




250 




160 




ns 


A-D trigger input 


Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(AD) 


ADtrg input cycle time (minimum allowable trigger) 


2000 




1000 




1000 




ns 


tw(ADL) 


ADtrg input low-level pulse width 


250 




125 




125 




ns 


Serial I/O 


Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(CK) 


CLKj input cycle time 


500 




250 




200 




ns 


tw(CKH) 


CLKj input high-level pulse width 


250 




125 




100 




ns 


tvy(cKL) 


CLKj input low-level pulse width 


250 




125 




100 




ns 


td(C-Q) 


TxDj output delay time 




150 




90 




80 


ns 


th(c-Q) 


TxDj hold time 


30 




30 




30 




ns 


tsU(D — C) 


RxDj input setup time 


60 




30 




20 




ns 


th(C-D) 


RxDj input hold time 


90 




90 




90 




ns 


External Interrupt INTi input 


Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tw(lNH) 


INTj input high-level pulse width 


250 




250 




250 




ns 


tw(lNL) 


]nTj input low-level pulse width 


250 




250 




250 




ns 
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SWITCHING CHARACTERISTICS (Vcc=5V±10%, Vss=OV, Ta=25C, unless otherwise noted) 



Slngle-chl 


p mode 


















Symbol 


Parameter 


Test conditions 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


td(E— POQ) 


Port PO data output delay time 


Fig. 2 




200 




100 




80 


ns 


td(E-P1Q) 


Port P1 data output delay time 




200 




100 




80 


ns 


td(E-P2Q) 


Port P2 data output delay time 




200 




100 




80 


ns 


td(E-P3Q) 


Port P3 data output delay time 




200 




100 




80 


ns 


td(E— P4Q) 


Port P4 data output delay time 




200 




100 




80 


ns 


td(E-P5Q) 


Port P5 data output delay time 




200 




100 




80 


ns 


td(E-P6Q) 


Port P6 data output delay time 




200 




100 




80 


ns 


td(E-P7Q) 


Port P7 data output delay time 




200 




100 




80 


ns 


td(E-P8Q) 


Port P8 data output delay time 




200 




100 




80 


ns 



Memory expansion mode and microprocessor mode 


(when wait bit = " 


1") 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


td(POA— E) 


Port PO address output delay time 


Fig. 2 


100 




30 




12 




ns 


td(E-P1Q) 


Port P1 data output delay time ( BYTE=i"L") 




110 




70 




45 


ns 


tpXZ(E— P1Z) 


Port P1 floating start delay time (BYTE="L") 




5 




5 




5 


ns 


td(P1A-E) 


Port P1 address output delay time 


TOO 




30 




12 




ns 


td(P1A— ALE) 


Port P1 address output delay time 


80 




24 




5 




ns 


td(E-P2Q) 


Port P2 data output delay time 




110 




70 




45 


ns 


tpXZ(E— P2Z) 


Port P2 floating start delay time 




5 




5 




5 


ns 


td(P2A-E) 


Port P2 address output delay time 


100 




30 




12 


, 


ns 


td(P2A— ALE) 


Port P2 address output delay time 


80 




24 




5 


, 


ns 


td(^1 — HLDA) 


HLDA output delay time 




100 




50 




50 


ns 


td(ALE-E) 


ALE output delay time 


4 




4 




4 




ns 


W(ale) 


ALE pulse width 


90 




35 




22 




ns 


td(BHE— E) 


BHE output delay time 


100 




30 




20 




ns 


td(R/W-E) 


R/W output delay time 


100 




30 




20 




ns 


td.(E-^i) 


01 output delay time 





30 





20 





18 


ns 


th(E-POA) 


Port PO address hold time 


50 




25 




18 




ns 


th(ALE— P1A) 


Port P1 address hold time (BYTE="L") 


9 




9 




9 




ns 


th(E-P1Q) 


Port P1 data hold time (BYTE="L") 


50 




25 




18 




ns 


tpZX(E— P1Z) 


Port P1 floating release delay time (BYTE="L") 


50 




25 




18 




ns 


th(E-PIA) 


Port P1 address hold time (BYTE="H") 


50 




25 




18 




ns 


th(ALE— P2A) 


Port P2 address hold time 


9 




9 




9 




ns 


th(E-P2Q) 


Port P2 data hold time 


50 




25 




18 




ns 


tpZX(E— P2Z) 


Port P2 floating release delay time 


50 




25 




18 




ns 


th(E— BHE) 


BHE hold time 


18 




18 




18 




ns 


*h(E— R/W) 


R/W hold time 


18 




18 




18 




ns 


tw(EL) 


E pulse width 


220 




95 




50 




ns 
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Memory expansion mode and microprocessor mode 


(when wait bit = " 


0", and external memory area 


accessed) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


8MHz 


16MHz 


25MH2 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


td(POA-E) 


Port PO address output delay time 


Fig. 2 


100 




30 




12 




ns 


td(E— P1Q) 


Port PI data output delay time (BYTE="L") 




110 




70 




45 


ns 


tpXZ(E— P12) 


Port P1 floating start delay time (BYTE="L") 




5 




5 




5 


ns 


tcl(PiA-E) 


Port P1 address output delay time 


100 




30 


. 


, 12 




ns 


tcl(P1A— ALE) 


Port PI address output delay time 


80 




24 




5 




ns 


td(E-P2Q) 


Port P2 data output delay time 




110 




70 




45 


ns 


tpX2(E— P2Z) 


Port P2 floating start delay time 




5 




5 




5 


ns 


td(P2A— E) 


Port P2 address output delay time 


100 




30 




12 




ns 


td(P2A— ALE) ^ 


Port P2 address output delay time 


80 




24 




5 




ns 


td(<fti— HLDA) 


HLDA output delay time 




100 




50 




50 


ns 


td(ALE— E) 


ALE output delay time 


4 




4 , 




4 




ns 


tw(ALE) 


ALE pulse width 


90 




35 




22 




ns 


td(BHE-E) 


BHE output delay time 


100 




30 




20 




ns 


td(R/w— E) 


R/W output delay time 


100 




30 




20 




ns 


td(E-*>i) 


^1 output delay time 





30 





20 





18 


ns 


th(E-POA) 


Port PO address hold time 


50 




25 




18 




ns 


th(ALE-.-P1A) 


Port PI address hold time (BYTE='"L") 


9 




9 




9 




ns 


th(E-PIQ) 


Port P1 data hold time (BYTE="L") 


50 




25 




18 




ns 


tpZX(E— P1Z) 


Port P1 floating release delay time (BYTE="L") 


50 




25 




18 




ns 


th(E-P1A) 


Port P1 address hold time (BYtE="H") 


50 




25 




18 




ns 


th(ALE— P2A) 


Port P2 address hold time , 


9 




9 




9 




ns 


th(E— P2Q) 


Port P2 data hold time 


50 




25 




18 




ns 


tpZX(E— P22) 


Port P2 floating release delay time 


50 




25 




18 




ns 


th(E-BHE) 


BHE hold time 


18 




18 




18 




ns 


th(E-R/W) 


R/W hold time 


18 




18 




18 




ns 


tw(EL) 


E pulse width 


470 




220 




130 




ns 















PO 






P1 










P2 

PS 






lOGpF 










P4 










P5 


. itr 






P6 








P7 








PS 








<i>^ 








E 















Fig. 2 Testing circuit for ports P0~P8, (4i 
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TIMING DIAGRAM 

Single-Chip mode 



f(X,N) 



VJ^U'\Jvruu\j'\TLn 




Port PO output 
Port PO input 
Port P1 output 

Port P1 input 
Port P2 output 
Port P2 input 
Port P3 output 
Port P3 input 

Port P4 output 
Port P4 input 
Port P5 output 
Port P5 input 
Port P6 output 
Port P6 input 

Port P7 output 
Port P7 input 

Port P8 output 
Port P8 input 



\ 



/ 



^U(POD — E) 



tsU(PID-E) 



tsU(P2D-E) 



/ 



tsU(P3D-E) 



>: 



td(E 



th(E-POD) 



y. 



tci(E-PIQ) 



t|l(E 



>: 



td(E- 



th(E-P2D) 



-^ tcl(E 

x: 



4 



th(E-P3D) 



/ 



mr^K th(E-P4D) 



*--H tc|(E-P5Q) 



tsu(P5D-E) 



/ 



^^ th(E 



^SU(P6D-E) 



tsU(P7D-E) 



J 



X 



td(E-P4Q) 



X 



>: 



td(E-P6Q) 



^ V th(E 



>: 



td(E-P7Q) 



/T^-Li: 



X 



td(E-P8Q) 



^h(E-P8D) 
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TAi|^4 input 



TAiouT input 




TAiouT input 
(Up-down input) 



In Event counter mode 



TBi|^4 input 



ADtrg input 



CLKj 



TAiiN input 

(VVhen count by falling) 



TAliN input 

(When count by rising) 



>: 



j% 



(T,N-UP) 
< » 



\ 



p-Tin)\ 



y 



RxDj 




INTj input 



tw(lNL) 



^^_/ 
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Memory expansion mode and microprocessor mode 

(When wait bit = "1") 



^1 



RDY Input 



^^_y V 



\ 



tsU(RDY-^l) 
-e ^ 



/ 



th(«>1-RDY) 



(When wait bit = "0") 



RDY input 



\ 



\ 



tsU(RDY-(*i) 
■^ ^ 



K" 



th(«i1-RDY) 

\^ ^ 



(When wait bit = "1" or "0" in common) 



tsU(HOLD-9ii) 



HOLD input 



HLDA output 



\ 



td((*i-HLDA) 



^. 



th(<6i-HOLD) 



/ 



td((*i-HLDA) 



/ 



Test conditions 
•Vcc=5V±10% 

• Input timing voltage : V,l=1. OV, Vih=4. OV 

• Output timing voltage : Vol=0. 8V, Voh^2. OV 
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Memory expansion mode and microprocessor mode (When wait bit=''V') 



f(X,N) 



Port PO output 

(Ao-A;) 

Port P1 output 

(Aa~Ai5/D8~Di5) 
(BYTE="L") 



Port PI output 

(As-Ais) 
(BYTE=="H") 

Port P1 input 



Port P2 output 

(Ai6~A23/Do~D7) 

Port P2 input 



Port P32 output 

(ALE) 



Port P3i output 

,(BHE) 



Port P3o output 

(R/W) 




Te$t conditions- 
•Vcc=5V±10% 

• Output timing voltage : Vol=0. 8V, Voh=2. OV 

• Ports P1,P2 input : Vil=0. 8V, V,h=2. 5V , 

• Port P4i input : Vil=1.0V. Vih=4.0V 
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Memory expansion mode and microprocessor mode (When wait bit= "0", and external mennory area is accessed) 



f(X,N) 



fvmJyyvy^J\}vmJ\.'{A^^ 



Port PO output 

(Ao-Ay) 

Port P1 output 

(As-Ais/Ds-Dis) 

(BYTE="L") 



Port P1 output 

(Ag-Ais) 
(BYTE="H") 



Port P1 input 



Port P2 output 

(Aie-Aaa/Do-Dy) 



Port P2 input 



Port P32 output 

(ALE) 



Port P3i output 
(BHE) 



Pory>3o output 
(R/W) 




Test conditions 
•Vcc=5V±10% 

• Output timing voltage : Vol=0. 8V, Voh=2. OV 

• Ports P1 , P2 input : V,u=0. 8V, V,h=2. 5V 

• Port P4i input : V,l=1. OV, V,h=4. OV 
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DESCRIPTION 

The M37702E4-XXXFP, M37702E4AXXXFP and M37702E4BXXXFP 
are single-chip microcomputers designed with high- 
performance CMOS silicon gate technology. These are 
housed in a 80-pin plastic molded QFP. The features of these 
chips are similar to those of the M37702M4-XXXFP, 
M37702M4AXXXFP and M37702M4BXXXFP except that these 
chips have a 32K-byte PROM built in. 

These single-chip microcomputers have a large 16M bytes 
address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The GPU 
is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. These microcomputers 
are suitable for office, business, and industrial equipment 
controller that require high-speed processing of large data. 
Since general purpose PROM writers can be used for the 
built-in PROM, these chips are suitable for small quantity 
production runs. The M37702E4FS (8MHz version) . 
M37702E4AFS (16MHz version) and M377D2E4BFS (25MHz 
version) with erasable ROM that are housed In a windowed 
ceramic LOG are also provided. 

The differences between M37702E4-XXXFP, M37702E4AXXXFP 
and M37702E4BXXXFP are the external clock input frequen- 
cy as shown below. Therefore, the following descriptions 
will be for the M37702E4-XXXFP unless otherwise noted. 



Type name 


External clock input frequency 


M37702E4-XXXFP 


8 MHz 


M37702E4AXXXFP 


16MHz 


M37702E4BXXXFP 


25MHz 



The M37702E4-XXXFP has the same functions as 
M37702E2-XXXFP except for the memory size. 



the 



FEATURES 

• Number of basic instructions- 103 

• Memory size PROM 32 K bytes 

RAM •••••••• 2048 bytes 

• Instruction execution time 
M37702E4-XXXFP 

(The fastest instruction at 8 MHz frequency) 500ns 

M37702E4AXXXFP 

(The fastest instruction at 16 MHz frequency) 250ns 

M37702E4BXXXFP 

(The fastest instruction at 25 MHz frequency) • 160ns 

• Single power supply 5V±10% 

• Low power dissipation (at 8 MHz frequency) 

• •• 30mW(Typ.) 

• Interrupts • •••• 19 types 7 levels 

• Multiple function 16-bit timer 5+3 

• U ART (may also be synchronous) 2 

• 8-bit A-D converter • 8-channel inputs 

• 12-blt watchdog timer 

• Programmable input/output 

(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) 68 



PIN CONFIGURATION (TOP VIEW) 


g c? 


1 ? 

^ c -co ^ u, <o > CO i? C? ^ 


Z 2 Z Z Z Z Z h- -J "9c 


<<<<<<< ^ o OOCCt- 




f^^.fs^.^.N^.w>(r>ooooooooo 


q.q.q.q.d.q.q.><><>q:q:q:q: 




NRRRRIilRf^l^RRIiillilFllilliil 




PZoMNo ♦* [I 




E ♦* P84/CTS1/RTS1 


P67/TB2,N<^[I 





^-* P85/CLK1 


P66/TB1iN*H-|T 


H— PSfi/RxD, 


, P65/TB0,n**Q: 




H] ** ?87/TxDi 


P64/INT2 — E 




60]**P0o/Ao ^v 


P63/IN.Ti**[I 




El-^POi/Ai 


P62/INT0 *♦ d 


^ ^ ^ 

W CO GO 


i] ♦* PO2/A2 


P6i/TA4|N *♦ U 


E] — PO3/A3 


P6o/TA4ouT ** E 


->J -si -^ 
■~n1 -nI -Ci 


i]*^P04/A4 


P57/TA3,N**[i£ 





i]**P05/A5 


P56/TA3ouT**[iI 


N) ro r\D 
m rn m 


Il]**P06/A6 


P55/TA2|^j**n2; 


1^ ° ^ ° S! 


53] -*-► P07/A7 


P54/TA2ouT*-[l3: 


DO > j^ 
X X X 


i]**P1o/A8/D8 


P53/TA1|N^g 


XX >< 


El^^Pll/Ag/Dg' 


P52/TA1ouT**Dl 


XXX 

■n -n T] 

"D "0 TJ 


g*-Pl2/A.io/Dio 


P5i/TA0,N**[ll 


g**Pl3/Aii/Dii 


P5o/TAOouT ^ m 




i]**Pl4/Ai2/Di2 


P47/DBC*^|l8 




gt*pi5/Ai3/Di3 : 


P46/VPA* **[l9 




il]^Pl6/Al4/Di4 


P45/VDA* **[20 




g*-Pl7/Ai5/D,5 


P44/QCL***[Il 




3— P2o'fAi6/Do 


P43/MX***[1 


■ ^ 


i3]**P2i/Ai7/Di 


P42/i*1**[l 


Sl^P22/A,s/D2 


P4i/RDY**(1 




£] *♦ P23/A19/D3 




125| 126| ^ [281 129| 130| 131J [32] l33j l3f 135J l36j |37j |38j 1^ 
t t t t 1 1 1 t t 1 t t 1 t 




3^1 




f ??'^'^^<^.c^<^^ 


Q- Q- a! S: a! q! 


Outline 80P6N 


*: Used In the evaluation chip mode only 



APPLICATION 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as ME, NC, 
communication, and measuring instruments 

THE FUNCTIONS AND CHARACTERISTICS 

The M37702E4-XXXFP has the same functions and charac- 
teristics as the M37702E2-XXXFP except for the PROM and 
RAM size. Refer to the section on the M37762E2-XXXFP. 

DATA REQUIRED FOR PROM ORDERING 

Please send the following data for writing to PROM. 

(1) M37702E4-XXXFP writing to PROM order confirmation 
form 

(2) 80P6N mark specification form 

(3) ROM data (EPROM 3sets) 
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:! ^ Data Buffer DBh(8) ^"[ <^zL°^ 
= ^ Data Buffer DBl(8) K )-^ ^ 



m=i 



Instruction Queue Buffer Qo(8) 



^=C 



Instruction Queue Butter Q 



^i^ 



Instruction Queue Buffer Q2(8) 






Data Bus(Even) 






Data Bus(Odd) 



C: 



I ^ Incrementer (24) 

j Program Address Register PA(24)|( 



< y^ I Data Address Register DA(24) 



Address Bus 



X 



c 



X 



^^ 



Incrementer/Decrementer (24) 



Program Counter PC(16)f 



m=£ 



Program Bank Register PG(8) 



^1=C 



Data Bank Register DT(8) 



X 



C 



C 



^^ 
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Zl Processor Status Register PS(11 ) 



r j Direct Page Register DPR(16) 

(] ^ I Stack Pointer S(1 6) 



^kf 



Index Register Y(16) 
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DESCRIPTION 

The M37703E2-XXXSP, M37703E2AXXXSP and M37703E2BXXXSP 
are single-chip nnicrocomputers designed with high-perfor- 
mance CMOS silicon gate technology. These are housed in 
a 64-pin shrink plastic molded DIP. The features of these 
chips are similar to those of the M37703M2-XXXSP, 
M37703M2AXXXSP and M37703M2BXXXSP except that this chip 
has a 16K-byte PROM built in. 

These single-chip microcomputers have a large 16M bytes 
address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The CPU 
is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. These microcomputers 
are suitable for office, business and industrial equipment 
controller that require high-speed processing of large data. 
Since general purpose PROM writers can be used for the 
built-in PROM, this chip is suitable for small quantity pro- 
duction runs. 

The differences between M37703E2-XXXSP, M37703E2AXXXSP 
and M37703E2BXXXSP are the external clock input fre- 
quency as shown below. Therefore, the following descrip- 
tions will be for the M37703E2-XXXSP unless otherwise 
noted. 



Type name 


External clock input frequency 


M37703E2-XXXSP 


8 MHz 


M37703E2AXXXSP 


16MHz 


M37703E2BXXXSP 


25MHz 



FEATURES 

• Number of basic instructions 103 

• Memory size PROM(one time) •••••••16K bytes 

RAM- • • •• •• •• 512 bytes 

• Instruction execution time 
M37703E2-XXXSP 

(The fastest instruction at 8 MHz frequency) •••••• 500ns 

M37703E2AXXXSP 

(The fastest instruction at 16 MHz frequency) •••••• 250ns 

M37703E2BXXXSP 

(The fastest instruction at 25 MHz frequency) 160ns 

• Single power supply 5V±10% 

• Low power dissipation (at 8 MHz frequency) 
••• • • 30mW(Typ.) 

• Interrupts • 19 types 7 levels 

• Multiple function 16-bit timer 5+3 

• UART (may also be synchronous) •••• 2 

• 8-bit A-D converter t • 4-channel inputs 

• 12-bit watchdog timer 

• Programmable input/output 

(ports PO, PI, P2, P3, P4, P5, P6, P7, P8) 53 



PIN CONFIGURATION 


(TOP VIEW) 


AVcc E 








il Vcc 


Vrep-U 








63|**P8o/CTSo/RTSo 


AVss U 
P77/AN7/ADtrg-*-^E 








H^PSi/CLKo 
6l]**P82/RxDo 


P72/AN2^[I 








60l**P83/TxDo 


P7i/ANi-^[I 








il^^PSe/RxDi 


P7o/ANo**E 








58|^P87/TxDi 


P65/TB0,N-^E 








57|*^P0o/Ao 


P64/INT2**tI 








iI**POi/Ai 


P63/INT, -^^ 








i]**P02/A2 


P62/INTo**[lI 








iJ^POa/As 


P57/TA3,N**[I1 
P56/TA3ouT**[]3 

P55/TA2,N *> Hi 
P54/TA2ouT**[il 

P53/TA1,N**[I1 
P52/TA1ouT'^IlZ 

P5i/TA0,N**I51 
PSo/TAOouT^m 




CO 

N) 

CD - 

X 

X 

X 

CO 


M37703E2-XXXSP 

or 
M37703E2AXXXSP 


53l^P04/A4 

il-^POs/As 
^^^POe/Ae 

50]<M-P07/A7 

H^^PIo/Ag/Ds 

il^^Pll/Ag/Dg 

47l**Pl2/Aio/Dio 
l^Pl3/Aii/Dii 


P47/DBC***|i 








45]--Pl4/Ai2/Di2 


P42/^1**|Il 








44l-H*pi5/Ai3/Di3 


P4i/RDY**|1 








l|^Pl6/Al4/Di4 


P4o/HOLD ♦* H 








ll**Pl7/Ai5/Di5 


BYTE->|^ 








4l]-*P2o/Ai6/Do 


CNVss H 








40|^P2i/Ai7/Di 


RESET -*|i 








39|**P22/Ai8/D2 


XiN-l 








38l**P23/Ai9/D3 


XouT-H 








37|**P24/A2o/D4 


E — H 








ll^P25/A2i/D5 


Vss H 








351-P26/A22/D6 


PSg/ALE^Hi 
P3i/BHE**Ii 








34|^P27/A23/D7 

H*+P3o/R/W 


Outline 


64P 


4B 


*: Used in the evaluation chip mode only 



APPLICATION 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as ME, NC, 
communication, and measuring instruments 
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FUNCTIONS OF M37703E2-XXXSP 



Parameter 


Functions 


Number of basic instructions 


103 


Instruction execution time 


M37703E2-XXXSP 


500ns (the fastest instructions, at 8MHz frequency) 


M37703E2AXXXSP 


250ns (the fastest instructions, at I6MH2 frequency) 


M37703E2BXXXSP 


160ns (the fastest instructions, at 25MHz frequency) 


Memory si^e 


PROM 


16K bytes 


RAM 


512 bytes 


Input/Output ports 


PO, P1,P2. P5 


8-bitX4 


P8 


6 -bitX 1 


P4, P6, P7 


4 -bitX 3 


P3 


3-bitXl 


Multi-function timers 


TAO, TA1,TA2,tA3, TA4 


16-bitX 5 (4 Input/Output functions) 


TBO, TB1,TB2 


16-bitX3 (1 Input function) 


Serial I/O 


UARTX 2 (One can be set clock synchronous serial I/O.) 


A-D converter 


8 -bitX 1(4 channels) 


Watchdog timer 


12-bitXl 


Interrupts 


3 external types, 16 internal types 

(Each interrupt can be set the priority levels to ~ 7 .) 


Clock generating circuit 


Built-in(externally connected to a ceramic resonator or quartz crystal resonator) 


Supply voltage 


5V±10% 


Power dissipation 


30mW(at external 8 MHz frequency) 


Input/Output characteristic 


Input/Output voltage 


5V 


Output current 


5 mA 


Memory expansion 


Maximum 16M bytes 


Operating temperature range 


-20~85°C 


Device structure 


CMOS high-performance silicon gate process 


Package 


64-pin shrink plastic molded DIP 
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PIN DESCRIPTION (NORMAL 


MODE) 


Pin 


Name 


Input/Output 


Functions 


Vcc. 
Vss 


Power supply 


, 


Supply 5 V±10% to Vcc and V to Vss- 


CNVss 


CNVss input 


Input 


This pin controls the processor mode. Connect to Vss tor single-chip mode. 




Reset input 


Input 


■ 
To enter the reset state, this pin must be kept at a "L" condition should be maintained for the required 
time. 


RESET 


X,N 


Clock input 


Input 


These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween X|N and XouT- When an external clock is used, the clock source should be connected to the Xin pin 
and the Xqut pin should be left open. 


XoUT 


Clock output 


Output 


E 


Enable output 


Output 


Data or instruction read and data write are performed when, output from this pin is "L". 


BYTE 


Bus width selection input 


Input 


In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-blt width. The width is 16 bits when "L" signal inputs and 8 bits when "H" signal inputs. 


AVcc. 
AVss 


Analog supply Input 




Power supply for the A-D converter. Connect AVcc to Vcc and AVss to Vss externally. 


Vref 


Reference voltage input 


Input 


This is reference voltage input pin for the A-D converter. 


POo-POr 


I/O port PO 


I/O 


In single-chip mode, port PO becomes an 8-bit I/O port. An I/O directional register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
Address(A7~Ao)is output in memory expansion mode or microprocessor mode. 


P1o~Pl7 

•Ml, 


I/O port P1 


I/O 


In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to "L" in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(Di5~D8)is input or output when E output is "L" and an address (Ai5~A8) is output when E output is "H". 
If the BYTE pin is "H" that is an external data bus is 8-bit width, only address(Ai5~A8)is output. 


P2o~P27 


I/O port P2 


I/O 


In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~Do) is input or output when E output is "L" and an address(A23~Ai6)is 
output when E output is "H". 


P3o~P32 


I/O port P3 


I/O 


In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, and ALE signals are output. 


P4o~P42. 

P47 


I/O port P4 


I/O 


In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P4o and P4i become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode, port P42 can be programed 
for <f>^ output pin divided the clock to Xin pin by 2. In microprocessor mode, P42 always has the function as 
^1 output pin. 


P5o~P57 


I/O port P5 


I/O 


In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer AO, timer A1, timer A2, and timer A3. 


P62~P65 


I/O port P6 


I/O 


In addition to having the same functions as port PO in single-chip mode, these pins also function as external 
interrupt input INTo, INT1, and INT2 pins, and input pins for timer BO. 


P7o~P72, 
P77 


I/O port P7 


I/O 


In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANo~AN2 and AN7 input pins. P77 also has an A-D conversion trigger input function. 


' P8o~P83, 

P86, P87 


I/O port P8 


I/O 


In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 
TxD, CLK, CfS/RTS pins for UART 0, and as RxD, TxD pins for UART 1 . 
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PIN DESCRIPTION (EPROM MODE) 


Pin 


Name 


Input/Output 


Functions 


Vcc, Vss 


Power supply 




Supply 5 V±10% to Vcc and V to Vss- 


CNVss 


Vpp input 


Input 


Connect to Vpp wiien progrannming or verifing. - ; . , ., ,.,,; 


BYTE 


Vpp input 


Input 


Connect to Vpp when programming or verifing. 




Reset input - 


Input 


Connect to Vss. 


RESET 


X|N 


Clock input 


Input 


Connect a ceramic resonator between Xin and Xqut- 


XoUT 


Clock output 


Output 


E 


Enable output 


Output 


Keep open. 


AVcc, AVss 


A-D power supply 




Connect AVcc to Vcc and AVss to Vss- 


Vref 


Reference voltage input 


Input 


Connect to Vss- 


POo-POr 


Address input (Ao~A7) 


Input 


Port PO functions as the lower 8 bits address input (Ao~A7). 


P1o~Pl7 


Address input (A8~Ai4) 


Input 


Port P1o~Pl6 functions as the higher 7 bits address input (Ag—Au). Connect PI7 to Vcc: 


P2o~P27 


Data I/O (Do~D7) 


I/O 


Port P2 functions as the 8 bits data bus (Do~D7). 


P3o~P32 


Input port P3 


Input 


Connect to Vss- 


P4o~P42. 

P47 


Input port P4 


Input 


Connect to Vss- 


P5o~P57 


Control signal input 


Input 


P5i and P52 functions as OE and CE input pin. 

Connect P5o, PSs, P54 and PSs to Vcc- Connect PSe and PS? to Vss- ■ 0.. 


P62~P65 


Input port P6 


Input 


Connect to Vss- 


P7o~P72. 

P77 


Input port P7 


' input 


Connect to Vss- 


P8o~P83, 
P86.P87 


Input port P8 , 


Input 


Connect to Vss. 
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ERROM MODE 

The M37703E2-XXXSP features an EPROM mode in addi- 
tion to its normal modes. Wiien tlie RESET signal level Is 
"L", the chip automatically enters the EPROM mode. Table 
1 list the correspondence between pins and Fig. 1 gives 
the pin connections in the EPROM mode. 
When in the EPROM mode, ports PO, P1, P2, P6i, PSg, 
CNVss and BYTE are used for the EPROM (equivalent to 
the M5M27C256K) . When in this mode, the built-in PROM 
can be written to or read from using these pins in the same 
way as with the M5M27C256K. 

This chip does not have Device Identifier Mode, so that set 
the corresponding program algorithm. The program area 
should specify address 400016-^ 7FFFi6 for the M37703E2- 



XXXSP. 

Connect the clock which is either ceramic resonator or ex- 
ternal clock to X|N pin and Xqut pin. 

Caution : • 

Describing in this section, the built-in PROM can be written 
to or read in the same way as with the M5M27C256K 
(256Kmode). 

But in the future, for M37703E2BXXXSP, 1M mode may be- 
come standard. 



-AVc, 



(m>- 
(m>- 



Vref-^E 

-AVss E 

-P77/AN7/ADtrg^E 

P72/AN2**!! 

P7i/ANi^[T 

P7o/ANo**E 

— — P65/TB0,N^[I 

P64/iNT^ ^ E 

P63/INf^ ♦* [To 

'■ — P62/INT^**E 

P57/TA3,N**D2 

P56/TA3ouT**E 

P55/TA2,N^E 

P54/TA2ouT**E 

PSg/TAIiN^E 

P52/TA1ouT**E 

P5i/TA0|N**E 

P5o/TAOouT^E 

P47-^E 

— P42/9ii**[2T 



(ypB>- 



— P4i/RDY**[22 
-P4o/HOLD**|23 
BYTE--|24 



lo 



^^^ss 

— RESET — H 

— — X.N^HZ 

Xqut *~ 

E^[29 

— Vss E 

-PSa/ALE-^E 
-P3i/BHE** 



50]*-.- 
49) +♦ 



P8o/CTSo/RTSo- 

P81/CLK0- 

P82/RXD0 

P83/TXD0 

P86/RxDi 

P87/TXD1 

POo/Ao 

PO1/A1 

PO2/A2 

PO3/A3 

PO4/A4 ^ 

PO5/A5— 

POe/Ae 

PO7/A7 

PI0/ As/Da 

^Pll/Ag/Dg 

''PI2/A10/D10- 
-PI3/A11/D11- 
''PI4/A12/D12- 
-Pls/Ais/Dig- 
''Ple/Au/Du- 
-PI7/A15/D15- 
" P2o/Ai6/Do— 
''P21/A17/D1 — 

- P22/A18/D2- 

- P23/A19/D3- 

- P24/A20/D4- 

► P25/A21/D5- 
►P26/A22/D6- 

►P27/A23^D7- 

► P3o/R/W — 



-<aD 



-<Ai4) 






— <5i) 
— <S) 

— <dD 
— <Bi> 
-<5^ 



<vsi) 
Outline 64P4B 



* '. Connect to ceramic oscillation circuit. 
C^ '- Same functions as M5M27C256K. 



Fig. 1 Pin connection in EPROM programming mode 
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Table 1 . Pin function in EPROM programming mode 





M37703E2-XXXSP 


L M5M27C256K 


Vcc 


Vcc 


Vcc 


Vpp 


CNVss, BYTE 


' , Vpp 


Vss 


Vss 


Vss 


Address input 


Ports PO, Plo-^PIe 


Ao~Ai4 


Data I/O 


Port P2 


Do~D, 


CE 


P52 


'CE 


OE 


P5i 


OE 



FUNCTION IN EPROM MODE 
Reading 

To read tlie PROM, set the CE and OE pins to a "L" level. 
Input tlie address of the data (Aq^Am) to be read and the 
data will be output to the I/O pins Do — D7. The data I/O 
pins will be floating when either the CE or OE pins are in 
the "H" state. 

Writing 

To write to the PROM, set the OE pin to a "H" level. The 
CPU will enter the program mode when Vpp is applied to 
the Vpp pin. The address to be written to is selected with 
pins Ao~Ai4, and the data to be written is input to pins Do 
'^D/. Set the CE pin to a "L" level to being writing. 



Program operation 



FAST PROGRAMMING ALGORITHM 

To program the M37703E2-XXXSP with fast programming 
algorithm, first set Vcc=6V, Vpp=12.5, and set the address 
to "0". Apply a 1ms write pulse, check that the data can be 
read, and if it cannot be read OK, repeat the procedure, 
applying a 1ms write pulse and checking that the data can 
be read until it can be read OK. Record the accumulated 
number of pulse applied (N) before the data can be read 
OK, and then write the data again, applying a further three 
times this number of pulses (3XN ms). 
When this series of write operations is complete, increment 
the address, and continue to repeat the procedure. above 
until the last address has been reached. 
Finally, when all addresses have been written, read with 
Vcc=Vpp=5V (or Vcc=Vpp=5.25V). 

Table 2 . I/O signalln each mode 



"^^^"---^^ Pin 
Mode ^^---^^ 


CE 


OE 


Vpp 


Vcc 


Data I/O 


Read-out 


V,L 


V,L 


5V 


5V 


Output 


Output 
Disable 


V.L 


V,H 


5V 


5V 


Floating 


V,H 


X 


5V 


5V 


Floating 


Programming 


V,L 


v,^, 


12.5V 


6 V 


Input 


Programming 
Verify 


V,H 


V,L 


12.5V 


6V 


Output 


Program Disable 


V,H 


V,H 


12.5V 


6V 


Floating 



Note 1 .' An X indicates either V|l or Vn- 



AC ELECTRICAL CHARACTERISTICS (Ta=25±5r. Vcc= 


6V±0. 25V, Vpp=12. 5±0. 3V, unless otherwise noted) 






Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


tAS 


Address setup time 




2 






//s 


toES 


OE setup time 




2 






/^s 


tDS 


Data setup time 




2 






tus 


tAH 


Address hold time 











L -"S 


toH 


Data hold time 




2 






;"S 


toFP 


Output enable to output float delay 









130 


ns 


tvcs 


Vcc setup time 




2 






A<S 


tvps 


Vpp setup time 




2 






/^s 


tppw 


CE initial program pulse width 




0.95 


1 


I.1O5 


ms 


topw 


CE over program pulse width 




2.85 




78.75 


ms 


toE 


Data valid from OE 








150 


ns 
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AC waveforms 



ADDRESS 



Vcc 



V, 

V,h/V, 



3: 



OH 



V.l/Vol 
Vpp 



Vc, 
Vcc+1 



V,L 
V,H 



< 



tvcs 



PROGRAM 



DATA SET 



> 



\ 



\ 



VERIFY 



tAH 



< 



DATA OUTPUT 
VALID 



/ 



K 






Fast programming algorithm flow chart 



I START I 



(^ADDR= FIRST LOCATION ^ 



V Vcc=6. OV A 
n ^ Vpp=12.5V J 



CgD 

-^ PROGRAM ONE PULSE OF 1ms ) 



( X=XH-1 ) 




"PROGRAM PULSE "^ 
OF 3 Xms DURATION/" 



-([NCREMENT ADDR) LLAST ADDR 




*4.5^VcG=Vpp^5.5V 
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CAUTION: UNITS SHIPPED AS BLANKS 

The programmable M37703E2SP, M37703E2ASP and 
M37703E2ESP that are shipped in blanl< are also provided. 
For the M37703E2SP, M37703E2ASP and M37703E2BSP, 
Mitsubishi Electric corp. does not perform PROM write test 
and screening following the assembly processes. To im- 
prove reliability after write, performing write and test 
according to the flow below before use is recommended. 



Writing with PPOM writer 



AzL 



Screening (Note) 

(Leave at 150°C for 40 hours) 



11 



Verify test with PROM writer 



\L-. 



I Function check in target device | 



Note '. Never expose to 150°C exceeding 100 hours. 



BASIC FUNCTION BLOCKS 

Since these processors operate in exactly the same way as 
the M37703M2-XXXSP, refer to the section on the 
M37703M2-XXXSP. 

ADDRESSING MODES 

The M37703E2-XXXSP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 

MACHINE INSTRUCTION LIST 

The M37703E2-XXXSP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction list for details. 

DATA REQUIRED FOR PROM ORDERING 

Please send the following data for writing to PROM . 

(1) M37703E2-XXXSP writing to PROM order confirmation 
form 

(2) 64P4B mark specification form for one time PROM 

(3) ROM data (EPROM 3sets) 
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ABSOLUTE MAXIMUM RATINGS 


Symbol 


Parameter 


Condftions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0.3-7 


V 


AVcc 


Analog supply voltage 




-0.3-7 


V 


V| 


Input voltage RESET, CNVss, BYTE 




-0.3~12(Note1) 


V 


V, 


Jnput voltage POo-POy, Plo-'PI?, P2o~P27, P3o~P32, 
P4o~P42, P47, P5o~P57, P62~P65. 
P7o~P72, P77, P8o~P83, P86, P87. Vref, X,m 




-0.3~Vcc+0.3 


V 


Vo 


Output voltage P0o~PO7, P1o~Pl7, P2o~P27, P3o~P32, 
P4o~P42, P47, P5o~P57, P62~P65, 
P7o~P72, P77, P8o~P83, P86, P87, Xqut, E 




-0. 3~Vcc+0. 3 


V 


Pd 


Power dissipation 


Ta=25°C 


1000 


mW 


Topr 


Operating temperature 




-20—85 


r 


Tstg 


Storage temperature 




-40-150 


"C 



Notel. Input voltage for CNVss and BYTE pins is 13V in writing to PROM. 

RECOMMENDED OPERATING CONDITIONS (Vcc=5V± 5% Ta=-20~85C unless otherwise noted) 



Symbol 




. 


Limits 


Unit 


Paramexer 


Min. 


Typ. 


. Max. 


Vcc 


Supply voltage 


4.5 


5.0 


5.5 


V 


AVcc 


Analog supply voltage 




Vcc 




V 


Vss 


Supply voltage 









V 


AVss 


Analog supply voltage 









V 


V|H 


High-level input voltage POo~P07, P3o~P32, P4o~P42, P47, P5o~P57, 
P62~P65, P7o~P72, P77, P8o~P83, P86, P87, 
XiN, RESET, CNVss, BYTE 


0. 8Vcc 




Vcc 


V 


V,H 


High-level input voltage P1o~Pl7, P2o~P27 

(in single-chip mode) 


0. 8Vcc 




Vcc 


V 


V,H 


High-level input voltage P1o~Pl7, P2o~P27 (in memory 

expansion mode and microprocessor mode) 


0. 5Vcc 




Vcc 


V 


V,L 


Low-level input voltage POo~P07, P3o~P32, P4o~P42, P47, P5o~P57, 
P62~P65, P7o~P72, P77, P8o~P83, P86, P87, 
X|N, RESET, CNVss, BYTE ; 







0. 2Vcc 


V 




V,L 


Low-level input voltage P1o~P1 7, P2o~P27 

(in single-chip mode) 







0. 2Vcc 


V 


V,L 


Low-level input voltage P1o~Pl7, P2o~P27 (in memory 

expansion mode and microprocessor mode) 







0.1 6 Vcc 


V 


loH(peak) 


High-level peak output current POo~P07, P1o~Pl7, P2o~P27, P3o~P32, 
P4o~P42, P47, P5o~P57, P62~P65, 
P7o~P72, P77, PBo~P83, P86, P87 






-10 


nnA 


loH(avg) 


High-level average output current POo~P07, PIq-PIj, P2o~P27, P3o~P32, 
P4o~P42, P47, P5o~P57,, P62~P65, 
P7o~P72, P77. P8o~P83, P86, P87 


■' 




-5 


mA 


loL(peak) 


Low-level peak output current P0o~PO7, P1o~Pl7, P2o~P27, P3o~P32, 
P4o~P42, P47, P5o~P57, P62~P65, 
P7o~P72, P77, P8o~P83, P86, P87 






10 


nnA 


loL(avg) 


Low-level average output current POo~P07, P1o~Pl7, P2o~P27, P3o~P32, 
P4o~P42, P47, P5o~P57, Pea-^PBs, 
P7o~P72, P77, P8o~P83, P86, P87 






5 


mA 


f(X,N) 


External clock frequency input 


M37703E2-XXXSP 






8 


MHz 


M37703E2AXXXSP 






16 


IVI37703E2BXXXSP 






25 



Note 2 . Average output current is the average value of a 100ms interval. 

3 . The sum of loL(peak) fo"" Ports PC, PI, P2, P3 and PS must be 80mA or less, 
the sum of loH(peak) ^or ports PC, P1, P2, P3 and PS must be 80mA or less, 
the sum of loL(peak) ^or ports P4, P5, P6 and P7 must be 80mA or less, and 
the sum of loH(peak) ^or ports P4, P5, P6 and P7 must be 80mA or less. 
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M37703E2-XXXSP 

ELECTRICAL CHARACTERISTICS (Voc='5V, Vss=OV, Ta=25'C, f(X,„)=8MHz, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min. 


Typ. 


Max. 


VoH 


High-leveloutput voltage POo—POr, P1o~Pl7, P2o~P27, 
P3o, P3i, P4o~P42, P47, 
/ ^ P5o~P57, P62~P65, P7o~P72, 
P77, P8o~P83, P86, P87 


loH=-10mA 


3 




' 


V 


VoH 


High-level output voltage POo~P07, P1o~Pl7, P2o~P27, 
P3o, P3i 


loH=-400//A 


4.7 




' 


V 


•VoH 


High-level output voltage P32 


loH=-10mA 


3.1 






V 


loH=-400/t/A 


4.8 






VoH 


High-level output voltage E 


loH=-10mA 


3.4 






V 


loH=-400/.A 


4.8 






Vol 


Low-level output voltage POo~P07, P1o~Pl7, P2o~P27, 
P3o, P3i, P4o~P42, P47, 
P5o~P57, P62~P65, P7o~P72, 
P77, P8o~P83, P86, P87 


loL=10mA; 






2 


V 


Vol 


Low-level output voltage POo~P07, P1o~Pl7, P2o^P27, 
P3o, P3i 


loL=2mA 






0.45 


V 


Vol 


Low-level output voltage P32 


loL=10mA 






1.9 


V 


loL=2mA 






0.43 


Vol 


Low-level output voltage E 


loL=10mA 






1.6 


V 


loL=2mA 






0.4 


Vt+-Vt- 


Hysteresis HOLD, RDY, TA0in~TA3|n, TBOin, 
INTo~INT2, ADtrg. CTSo, CLKq 




0.4 




1 


V 


Vt+-Vt- 


Hysteresis RESET 




0.2 




0.5 


V 


Vt+-Vt- 


Hysteresis X|n 




0.1 




0.3 


V 


I.H 


High-level input current POo~P07, PIq-PI/. P2o~P27, 
P3o~P32, P4o~P42, P47, 
P5d~P57, P62~P65, P7o~P72, 
P77, P8o~P83, P86i P87, 


V|=5V 






5 


lu/K 


X|N, RESET, CNVss, BYTE 


I.L 


Low-level input current POo~P07, P1o~Pl7, P2o~P27, 
P3o~P32, P4o~P42, P47, 
P5o~P57, P62~P65, P7o~P72, 
P77, P8o~P83, P86, P87, 
X|N, RESET, CNVss, BYTE 


V|=OV 






-5 


Mf^ 


Vram 


RAM hold voltage 


When clock is stopped. 


2 






V 


' Ice 


Power supply current 


In single-chip mode 
output only pin is 
open and other pins 
are Vss during reset. 


f(X,N)=8MHz, 
square waveform 




6 


' 12 


mA 


Ta=25°C when clock 
is stopped. 






1 


//A 


Ta=85°C when clock 
is stopped. 






20 



A-D CONVERTER CHARACTERISTICS ( 


Vcc=5V, Vss=0V,,Ta=25t, f(X,N)=8MHz 


unless otherwise noted) 




Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. ■ 


Typ. 


Max. 


; - 


Resolution 


Vref=Vcc 






8 


Bits 

■■ ' 1 


— 


Absolute accuracy 


Vref=Vcc 






±3 


LSB 


Rladder 


Ladder resistance 


Vref=Vcc ' 


2 




10 


kn 


tcONV 


Conversion time 




28.5 






/us 


Vref 


Reference voltage 




2 




Vce 


V 


V,A 


Analog input voltage 









Vref 


V 
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ELECTRICAL CHARACTERISTICS (Vc 



=5V, Vss=OV, Ta=25'C, f(X|N) = 16MHz, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min. 


Typ. 


Max. 


VoH 


High-level output voltage POq-PO/, P1o~Pl7. P2o~P27, 
P3o, P3i, P4o~P42, P47, 
P5o~P57, P62~P65, P7o~P72, 
P77, P8o~P83, P86, P87 


loH=-10mA 


3 






V 


VoH 


High-level output voltage POo~P07, P1o~Pl7, P2o~P27, 
P3o, P3i 


loH=-400;uA 


4.7 






V 


VoH 


High-level output voltage PSa 


loH=-10mA 


3.1 






V 


loH=-400/iA 


4.8 






VoH 


High-level output voltage E 


loH=-10mA 


3.4 






V 


loH=-400;c^A 


4.8 






Vol 


Low-level output voltage POo~P07, P1o~Pl7, P2o~P27, 
P3o, P3i, P4o~P42. P47, 
P5o~P57, P62~P65, P7o~P72, 
P77, P8o~P83, P86, P87 


loL=10mA 






2 


V 


Vol 


Low-level output voltage POo~P07, P1o~Pl7, P2o~P27, 
P3o, P3i 


loL=2mA 






0.45 


V 


Vol 


Low-level output voltage P32 


loL=10mA 






1.9 


V 


loL=2mA 






0.43 


Vol 


Low-level output voltage E 


loL=10mA 






1.6 


V 


loL=2mA 






0.4 


Vt+-Vt- 


Hysteresis HOLD, RDY, TA0in~TA3,n, TBOin, 
INTo~INT2, ADtrg, CTSo, CLKq 




0.4 




1 


V 


Vt+-Vt- 


Hysteresis RESET 




0.2 




0.5 


V 


Vt+-Vt- 


Hysteresis Xin 




0.1 




0.3 


V 


I.H 


High-level input current POo~P07, P1o~Pl7, P2o~P27, 
P3o~P32, P4o~P42, P47, 
P5o~P57, P62~P65, P7o~P72, 
P77, P8o~P83, P86, P87, 
X,N, RESET, CNVss, BYTE 


V|=5V 






5 


/ufK 


ItL 


Low-level input current POo~P07, P1o~Pl7, P2o~P27, 
P3o~P32, P4o~P42, P47, 
P5o~P57, P62~P65, P7o~P72, 
P77, P8o~P83, P86, P87, 
X|N, RESET, CNVss, BYTE 


V|=OV 






-5 


juA 


Vram 


RAM hold voltage 


When clock is stopped. 


2 






V 


Ice 


Power supply current 


In single-chip mode 
output only pin is 
open and other pins 
are Vss during reset. 


f(X|N)=16MHz, 
square waveform 




12 


24 


mA 


Ta=25°C when clock 
is stopped. 






1 


juA 


Ta=85°C when clock 
is stopped. 
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A-D CONVERTER CHARACTERISTICS (Vcc=5V, Vss=OV, Ta=25°C, f(X,N)=16MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


— 


Resolution 


Vref=Vcc 






8 


Bits 


. — 


Absolute accuracy 


Vref=Vcc 






±3 


LSB 


Rladder 


Ladder resistance 


Vref=Vcc 


2 




10 


kO 


tcONV 


Conversion time 




1 4. 25 






JUS 


Vref 


Reference voltage 




2 




Vcc 


V 


V,A 


Analog input voltage 









Vref 


V 



MITSUBISHI 
L ELECTRIC 



3-39 



MITSUBISHI MICROCOMPUTERS 

M37703E2-XXXSP,M^ 

M37703E2BXXXSP 

PROM VERSION of M37703IVI2-XXXSP,M37703M2AXXXSP,M37703M2BXXXSP 
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ELECTRICAL CHARACTERISTICS (Vco=5V, Vss=OV, Ta=25*C, f(X,N)=25MHz, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min. 


Typ. 


Max. 


VoH 


High-level output voltage POo-POy, P1o~Pl7, P2o~P27, 
P3o, P3i, P4o'-P42, P47, 
P5o~P57, P62~P65, P7o~P72. 
P77, P8o~P83, P86, P87 


loH=-10mA 


3 






V 


VoH 


High-level output voltage POo~P07, P1o~Pl7, P2o~P27, 
P3o,P3i 


loH=-400M 


4.7 




■ 


V 


VoH 


High-level output voltage P32 


loH=-10mA 


3.1 






v 


loH=-400//A 


4.8 






VoH 


High-level output voltage 1 


loH=-10mA 


3.4 




"' ^■'^'' ■■ 


V 


JoH=-400^A 


4.8 






Vol 


Low-level output voltage POo~P07, P1o~Pl7, P2o~P27, 
P3o, P3i, P4o~P42, P47, 
P5o~P57, P62~P65, P7o~P72, 

P77, P8o~P83, P86, P87 ; 


loL=10mA 






2 


V 


Vol 


Low-level output voltage POo'^P07, P1o~Pl7, P2o~P27, 
P3o, P3i 


loL=2mA 






0.45 


V 


Vol 


Low-level output voltage P32 


loL=10mA 






1.9 


V 


loL=2mA 






0.43 


Vol 


Low-level output voltage E 


loL=10mA 






1.6 


V 


loL=2mA 






0.4 


Vt+-Vt- 


Hysteresis HOLD, RDY, TA0,n~TA3in, TBOin, 
INTo~INT2, ADtrg, CTSo, CLKq 




0.4 




1 


V 


Vt+-Vt- 


Hysteresis RESET 




0.2 




0.5 


V 


Vt+-Vt- 


Hysteresis Xin 




0.1 




0.3 


V : 


llH 


High-level input current POo~P07, P1o~Pl7, P2o~P27, 
P3o~P32, P4o~P42, P47, 
P5o~P57, P62~P65, P7o~P72, 
P77, P8o~P83, P86, P87, 


V|=5V 






5 

■ 


mA 


X,N, RESET, CNVss, BYTE 


I.L 


Low-level input current POo~P07, P1o~Pl7, P2o~P27, 
P3o~P32, P4o~P42, P47, 
P5o~P57, P62~P65, P7o~P72, 
P77, P8o~P83, P86, P87, 


V|=OV 






-5 


mA 


X,N, RESET, CNVss, BYTE 


Vram 


RAM hold voltage 


When clock is stopped. 


2 






V 


Ice 


Power supply current 


In single-chip mode 
output only pin is 
open and other pins 
are Vss during reset. 


f(XiN)=25MHz, 
square waveform 




19 


38 


mA 


Ta=25°C when clock 
is stopped. 






1 


mA 


Ta=85°C when clock 
is stopped. 
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A-D CONVERTER CHARACTERISTICS (Vcc-5V, Vss=OV, Ta=25r , f(X,N)=25MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


— 


Resolution 


Vref=Vcc 






3 


Bits 


— 


Absolute accuracy 


Vref=Vcc 






±3 


LSB 


Rladder 


Ladder resistance 


Vref=Vcc^ 


2 




10 


kQ 


tcONV 


Conversion time 




9.12 






JUS 


Vref 


Reference voltage 




2 




Vcc 


V 


V,A 


Analog input voltage 









Vref 


V 
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TIMING REQUIREMENTS (vc 
External clock input 



=5V±10%, Vss=OV, Ta=25°C, unless otherwise noted) 



Symbol 


1 : — 

Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc 


External clock Input cycle time 


125 




62 




40 




ns 


tw(H) 


External clock input high-level pulse width 


50 




25 




15 




ns 


tw(L) 


External clock input low-level pulse width 


50 




25 




15 




ns 


tr 


External clock rise time 




20 




10 




8 


ns 


tf 


External clock fall time 




20 




10 




8 


ns 



Single-chi 


p mode 
















Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tsU(POD— E) 


Port PO input setup time 


200 




100 




60 




ns 


tsU(P1D— E) 


Port PI input setup time 


200 




100 




60 




ns 


tsU(P2D— E) 


Port P2 input setup time 


200 




TOO 




60 




ns 


tsU(P3D— E) 


Port P3 input setup time 


200 




100 




60 




ns 


tsU(P4D— E) 


Port P4 input setup time 


200 




100 




60 




ns 


tsU(P5D— E) 


Port P5 input setup time 


200 




100 




60 




ns 


tsU(P6D— E) 


Port P6 input setup time 


200 




100 




60 




ns 


*SU(P7D— E) 


Port P7 input setup time 


200 




100 




60 




ns 


tsU(P8D— E) 


Port P8 input setup time 


200 




100 




60 




ns 


th(E— POD) 


Port PO input hold time 

















ns 


th(E-P1D) 


Port P1 input hold time 

















ns 


th(E-P2D) . 


Port P2 input hold time 

















ns 


th(E-P3D) 


Port P3 input hold time 

















ns 


th(E-P4D) 


Port P4 input hold time 

















ns 


th(E-P5D) 


Port P5 input hold time 

















ns 


th(E-P6D) 


Port P6 input hold time 

















ns 


th(E-P7D) 


Port P7 input hold time 

















ns 


th(E-P8D) 


Port P8 input hold time 

















ns 



Memory expansion mode and microprocessor mode 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tsu(PiD— E) 


Port P1 input setup time 


60 




45 




30 




ns 


tsu(P2D— E) 


Port P2 input setup time 


60 




45 




30 




ns 


tsU(RDY— <*i) 


RDY input setup time 


70 




60 




55 




ns 


tsU(HOLD-<*i) 


HOLD Input setup time ' 


70 




60 




55 




ns 


th(E-PID) 


Port PI input hold time 












: 




ns 


th(E— P2D) 


Port P2 input hold time 

















ns 


th(0i-RDY) 


RDY input hold time 

















ns 


th(«>i— HOLD) 


HOLD input hold time 












. 




ns 
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Timer A input (Count input in event counter mode) 


Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TA) 


TAliN input cycle time 


250 




125 


. 


80 




ns 


tw(TAH) 


TAiiN input high-level pulse width 


125 




62 




40 




ns 


tw(TAL) 


TAiiN input low-level pulse width 


125 




62 




40 




ns 



Timer A input (Gating input in timer mode) 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TA) 


TAiiN input cycle time 


1000 




500 




320 




ns 


tw(TAH) 


TAiiN input high-level pulse width 


500 




250 




160 




ns 


tw(TAL) 


TAiiN input low-level pulse width 


500 




250 




160 




ns 



Timer A input (External trigger input in one-shot pulse mode) 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MH2 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TA) 


TAliN input cycle time 


500 


■ 


250 . 




160 




ns 


tw(TAH) 


TAiiN input high-level pulse width 


250 




125 




80 




ns . 


tw(TAL) 


TAiiN input low-level pulse width 


250 




125 




, 80 




ns 



Timer A input (External trigger input in pulse width modulation mode) 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tw(TAH) 


TAiiN input high-level pulse width 


250 




125 




80 




ns 


tw(TAL) 


TAiiN input low-level pulse width 


250 




125 




80 




ns 



Timer A input (Up-down input in event counter mode) 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(up) 


TAiouT input cycle time ' 


5000 




2500 




2000 




ns 


tw(UPH) 


TAiouT input high-level pulse width 


2500 




1250 




1000 




ns 


tw(UPL) 


TAiouT input low-level pulse width 


2500 




1250 




1000 




ns 


tsu(up-T|N) 


TAiouT input setup time 


1000 




500 




400 




ns 


th(T,N-UP) 


TAiouT input hold time 


1000 




500 




400 




ns 
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Timer B input (Count input in event counter mode) 


Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TB) 


TBOiN input cycle time (one edge count) 


250 




125 




80 




ns 


tw(TBH) 


TBOiN input higli-level pulse width (one edge count) 


125 




62 




40 




ns 


W(TBL) 


TBOiN input Ipw-level pulse width (one edge count) 


125 




62 




40 




ns 


tc(TB) 


TBOiN input cycle time (both edges count) 


500 




250 




160 




ns 


tw(TBH) 


TBOiN input high-level pulse width (both edges count) 


250 




125 




80 




ns 


tw(TBL) 


TBOiN input low-level pulse width (both edges count) 


250 




125 




80 




ns 



Timer B input (Pulse period measurement mode) 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TB) 


TBOiN input cycle time 


1000 




500 




320 




ns 


tw(TBH) 


TBOiN input high-level pulse width 


500 




250 




160 




ns 


tw(TBL) 


TBOiN input low-level pulse width 


500 




250 




160 




ns 



Timer B input (Pulse width measurement mode) 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(TB) 


TBOiN input cycle time 


1000 




500 




320 




ns 


tw(TBH) 


TBOiN input high-level pulse width 


500 




250 




160 




ns 


tw(TBL) 


TBOiN input low-level pulse width 


500 




250 




160 




ns 



A-D trigger input 



Syhibol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(AD) 


. ADtrg input cycle time (minimum allowable trigger) 


2000 




1000 




1000 




ns 


tw(ADL) 


ADtrg input low-level pulse width 


250 




125 


.. 


125 




ns 



Serial I/O 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tc(GK) 


CLKo input cycle time 


500 




250 




200 




ns 


tw(CKH) 


CLKo input high-level pulse width 


250 




125 




100 




ns 


tw(CKL) 


CLKo input low-level pulse width 


250 




125 




100 




ns 


td(c-Q) 


TxDo output delay time 


■ 


150 




90 




80 • 


ns 


th(c-Q) 


TxDo hold time 


30 




30 




30 




ns 


tsU(D— C) 


RxDo input setup time 


60 




30 




20 




ns 


th(c-D) 


RxDo input hold time 


90 




90 




90 




ns 



External interrupt INTj input 



Symbol 


Parameter 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tw(lNH) 


INTJ input high-level pulse width 


250 




250 




250 




ns 


tw(lNL) 


TnTj input low-level pulse width 


250 


„_ ,_ 


250 




250 




ns 
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Single-chip mode 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


MIn. 


Max. 


Min. 


Max. 


Min. 


Max. 


td(E— POQ) 


Port PO data output delay time 


Fig. 1 




200 




100 




80 


ns 


td(E— P1Q) 


Port P1 data output delay time 




200 




100 




80 


ns 


tcl(E-P2Q) 


Port P2 data output delay time 




200 




100 




80 


ns 


tc|(E— P3Q) 


Port P3 data output delay time 




200 




100 




80 


ns 


td(E— P4Q) 


Port P4 data output delay time 




200 




100 




80 


ns 


td(E-P5Q) 


Port P5 data output delay time 




200 




100 




80 


ns 


td(E— P6Q) 


Port P6 data output delay time 




200 




100 




80 


ns 


td(E— P7Q); 


Port P7 data output delay time 




200 




100 




80 


ns 


td<E-P8Q) 


Port P8 data output delay time 




200 




100 




80 


ns 



Memory expansion mode and microprocessor mode 


(when wait bit = " 


1") 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


td(POA— E) 


Port PO address output delay time 


Fig. 1 


100 




30 




12 




ns 


td(E-PIQ) 


Port P1 data output delay time (BYTE="L") 




110 




70 




,45 


ns 


tpXZ(E— P1Z) 


Port P1 floating start delay time (BYTE="L") 




5 




5 




5 


ns 


td(P1A— E) 


Port P1 address output delay time 


100 




30 




12 




ns 


td(P1A— ALE) 


Port P1 address output delay time 


80 




24 




5 




ns 


td(E— P2Q) 


Port P2 data output delay time 




110 




70 




45 


ns 


tpxz(E— P2Z) 


Port P2 floating start delay time 




5 




5 




5 


ns 


td(P2A-E) 


Port P2 address output delay time 


100 




30 




12 




ns 


td(P2A— ALE) 


Port P2 address output delay time 


80 




24 




5 




ns 


td(ALE— E) 


ALE output delay time 


4 




4 




4 




ns 


tw(ALE) 


ALE pulse width 


90 




35 




22 




ns 


td(BHE-E) 


BHE output delay time 


100 




30 




20 




ns 


td(R/W— E) 


R/W output delay time 


100 




30 




20 




ns 


td(E-^i) 


9^1 output delay time 





30 





20 





18 


ns 


th(E— POA) 


Port PO address liold time 


50 




25 




18 




ns 


th(ALE— P1A) 


Port P1 address hold time (BYTE="L") 


9 




9 




9 




ns 


th(E-P1Q) 


Port P1 data hold time (BYTE="L") 


50 




25 




18 




ns 


tpZX(E— P1Z) 


Port P1 floating release delay tinie (BYTE=="L") 


50 




25 




18 




ns 


th(E— P1A) 


Port P1 address hold time (BYTE="H") 


50 




25 




18 




ns 


th(ALE— P2A) 


Port P2 address hold time 


9 




9 




9 




ns 


th(E-P2Q) 


Port P2 data hold time 


50 




25 




18 




hs 


tpzX(E— P2Z) 


Port P2 floating release delay time 


50 




25 




18 




ns 


th(E-BHE) 


BHE hold time 


18 




18 




18 




ns 


th(E— R/W) 


R/W hold time 


18 




18 




18 




ns 


tw(EL) 


E pulse width 


220 




95 




50 




ns 
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Memory expansion mode and microprocessor mode 


(when wait bit = "0", and external memory area 


accessed) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


8MHz 


16MHz 


25MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


td(POA— E) 


Port PO address output delay time 


Fig. 1 


100 




30 




12 




ns 


td(E-P1Q) 


Port P1 data output delay time (BYTE="L") 




110 




70 




45 


ns 


tpxz(E-PIZ) 


Port P1 floating start delay time (BYTE="L") 




5 




5 




5 


ns 


tcl(piA— E) 


Port P1 address output delay time 


100 




30 




12 




ns 


td(P1A— ALE) 


Port P1 address output delay time 


80 




24 




5 




ns 


td(E— P2Q) 


Port P2 data output delay time 




110 




70 




45 


ns 


tpX2(E— P2Z) 


Port P2 floating start delay time 




5 




5 




5 


ns 


td(P2A-E) 


Port P2 address output delay time 


100 




30 




12 




ns 


td(P2A— ALE) 


Port P2 address output delay time 


80 




24 




5 




ns 


td(ALE-E) 


ALE output delay time 


4 




4 




4 




ns 


tw(ALE) 


ALE pulse width 


90 




35 




22 




ns 


td(BHE— E) 


BHE Output delay time 


100 




30 




20 




ns 


td(R/W-E) 


R/W output delay time 


100 




30 




20 




ns 


td(E-0i) 


9^1 output delay time 





30 





20 





18 


ns 


th(E-POA) 


Port PO address hold time 


50 




25 




18 




ns 


th(ALE— P1A) 


Port P1 address hold time (BYTE="L") 


9 




9 




9 




ns 


th(E— P1Q) 


Port P1 data hold time (BYTE="L") 


50 




25 




18 




ns 


tpzx(E— P1Z) 


Port P1 floating release delay time (BYTE="L") 


50 




25 




18 




ns 


th(E-PIA) 


Port P1 address hold time (BYTE="H") 


50 




25 




18 




ns 


th(ALE— P2A) 


Port P2 address hold time 


9 




9 




9 




ns 


th(E-P2Q) 


Port P2 data hold time 


50 




25 




18 




ns 


tpzX(E-P2Z) 


Port P2 floating release d^lay time 


50 




25 




18 




ns 


th(E-BHE) 


BHE hold time 


18 




18 




18 




ns 


th(E— R/W) 


R/W hold time 


18 




18 




18 




ns 


tw(EL) 


E pulse width 


470 




220 




130 




ns 













PO 






P1 








P2 
P3 






lOOpF 1 








P4 








P5 


777" ' 




P6 






P7 






P8 






i>^ 






1 













Fig. 1 Testing circuit for ports PO'^PS, (t>^ 
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TIMING DIAGRAM 

Single-chip mode 



f(X,N) 



tr 


1- _i 


tf 


tc 


.— 


i — i 


nJ 



\j^^i\r\i\i\rvj'\r\M 



Port PO output 
Port PO input 
Port P1 output 

Port P1 input 
Port P2 output 
Port P2 input 
Port P3 output 
Port P3 input 

Port P4 output 
Port P4 input 
Port P5 output 
Port P5 input 
Port P6 output 
Port P6 input 

Port P7 output 
Port P7 input 

Port P8 output 
Port P8 input 



tsU(POD-E) 



tsU(P1D— E) 



W(H) 




>: 



td(E-POQ) 



th(E-POD) 



>. 



tcl(E-PIQ) 



*^V ^ll(E-PID) 



^SU(P2D— E) 



J 



tsU(P3D-E) 



tsU(P4D-E) 



rx 



tsU(P5D-E) 



tsU(P6D-E) 



> 



td(E-P2Q) 



th(E-P2D) 



tcl(E 



th(E-P3D) 



J. 



td(E-P4Q) 



t|l(E-P4D) 



X 



td(E-P5Q) 



_^^ ith(E-P5D) 



X 



td(E-P6Q) 



th(E-P6D) 



>: 



td(E-P7Q) 



«r*V t|l(E-P7D) 



^d(E— P8Q) 



th(E-P8D) 
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TAiiN input 



TAiouT input 




TAiouT input 
(Up-down input) 



In Event counter mode 



TBOiN input 



TAiiN input 

(When count by falling) 

TAiiN input 

(When count by rising) 



tw(TBH) 



>: 



J *h(T,N 



v 



s 

tsu(UP-T,N) ^ 



Tc(TB) 



tw(TBL) 



J 



\ 



ADtrg input 





tc(AD) . , 


tw(ADL) 1 




^ / 


1 \ 





\ f 



CLKo 



RxDo 



INTj input 



J 



tw(CKH) 



\ 



tw(CKL) 



>: 



td(c-Q) 



,' 



A 



tsU(D-C) 



th(c-D) 



th(c-Q) 



V 



tw(lNL) 



tw(lNH) 



/ 



X 
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Memory expansion nnode and nnlcroprocessor mode 

(When wait bit = "1") 



RDY input 



■\__/ — V 



f 



t|n((4i-RDY) 



(Wlien wait bit = "0") 



RDY input 



\ 



\ 



tsU(RDY-(*i) 

^z >- 



f 



th((*i-RDY) 



(Wlien wait bit = "1" or "0" in common) 



tsu(HOLD-5«i) 



HOLD input 



t|l(<4i-HOLD) 



r 



Test conditions 
•Vcc=5V±10% 
• Input timing voltage : V|l=1. OV, Vih=4. OV 
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Memory expansion mode and microprocessor mode (When wait bit = "1") 



f(X,N) 




Port PO output 

(Ao-Ar) • 

Port PI output 

(A8~Ai5/D8~Di5 

(BYTE="L") 



Port P1 output 

(As-Ais) 
(BYTE="H") 

Port P1 input 



Port P2 output 

(Ai6~A23/Do~D7) ' 

Port P2 input 



Port P32 output 
(ALE) 



Port P3i output 
(BHE) 



Port P3o output 

(R/W) 



tw(H) 



r\jijxnj 



r^.—r~v 



td(E-?ii)-^ 



t 



X 



y. 



th(ALE-POA) 



Address 



td(PIA-ALE) 



X 



th(ALE— P2A) 



td(P2A-ALE) 



tw(ALE) 



7. 



td(BHE-E) 



td(R/W-E) 



^A 



W(EL) 



th(E-POA) 



Address 



th(E-P1Q) 



Data 



td(E-PIQ) 

th(E-P1A) 



.d 



I 



th(E-P2Q) 




\ 



^td(E-<4i) 



>; 



>: 



td(POA-E) 



td(PIA-E) 



^d(E-P2Q) 



>; 



Address 



td(P2A-E) 



/ 



th(E-BHE) 



*-*■ th(E-R/W) 



/V 



> 



I-pzxCe-piz) 



tpxZ(E-P2Z) 



/ 



X 



IPXZ(E-PIZ) 



C 



X 



th(E-PID) 



X--,: 



1^ 



tpzx(E-P2Z) 



td(ALE-E) 



Address 



th(E 



X 



Test conditions 
•Vcc=5V±10% 

• Output timing voltage : Vol=0. 8V, Voh=2. OV 

• Port PI, P2 input : Vm=0. 8V, V,h=2. 5V 

• Port P4i input : V,l==1 . OV, V|h=4. OV 
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Memory expansion nnode and microprocessor mode (When wait bit = "0", and external memory area is accessed) 



f(X,N) 



f\j\Pd\ivuwj\j\ruv\.iAkf\pj^^ 




Port PO output 

(Ao-Ar) 

Port P1 output 

(A8.~Ai5/D8--Di5) 

(BYTE="L") 



Port P1 output ^ 
(As-Ais) 
(BYTE="H") . 



Port P1 input 



Port P2 output 

(Ai6~A23/Do~D7) 



Port P2 input 



Port P32 output 
(ALE) 



Port P3i output ■ 
(BHE) ' 



Port P3o output 
(R/W) 



td(E-<*i)" 



X 



th(ALE-PIA) 



}: 



tw(EL) 



f ^ \ 



th(E-POA) 



td (P1A-ALE) 



X 



'th(ALE-P2A) ^— > 



J 



th(E-P1Q) 



;( 



Data 



td(E-PIQ) 

th(E— P1A) 



td(P2A-ALE) 



W(ALE) 
— ^ 



It. 



td(BHE-E) 
> 



td(R/W-E) 



th(E-P2Q) 



y 



td(E-P2Q) 



td(E-(*i) 



ie 



>; 



>: 



X 



td(POA-E) 



Address 



tpxZ(E-PIZ) ^ > 



td(P1A-E) 



tsU(PID-E) 



/ 



^ — >jtpxz(E-P2Z) 



A 



tsU(P2D-E) 



td(P2A-E) 



-td(ALE-E) 



th(E-BHE) 



K 



th(E-R/W) 



X 



k: 



x: 



th(E-P1D) 



tpzX(E-P2Z) 



<: 



th(E-P2D) 



X 



Test conditions 
•Vcc=5V±10% 

• Output timing voltage : Vol=0. 8V, Voh=2. OV 

• Ports PI, P2 input : V,l=0. 8V, V,h=2. 5V 

• Port P4i input : V,l=1.0V, V,h=4.0V 
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DESCRIPTION 

The M37703E4-XXXSP, M37703E4AXXXSP and M37703E4BXXXSP 
are single-chip microcomputers designed with high-perfor- 
mance CMOS silicon gate technology. These are housed in 
a 64-pin shrink plastic molded DIP. The features of these 
chips are similar to those of the M37703M4-XXXSP, 
M37703M4AXXXSP and M37703M4BXXXSP except that 
these chips have a 32K-byte PROM built in. 
These single-chip microcomputers have a large 16M bytes 
address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The CPU 
is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. These microcomputers 
are suitable for office, business and industrial equipment 
controller that require high-speed processing of large data. 
Since general purpose PROM writers can be used for the 
built-in PROM, these chips are suitable for small quantity 
production runs. 

The differences between M37703E4-XXXSP, M37703E4AXXXSP 
and M37703E4BXXXSP are the external clock input frequen- 
cy as shown below. Therefore, the following descriptions 
will be for the M37703E4-XXXSP unless otherwise noted. 



Type name 


_ External clock input frequency 


M37703E4-XXXSP 


8 MHz 


M37703E4AXXXSP 


16MHz 


M37703E4BXXXSP 


25MHz 



The M37703E4-XXXSP has the same functions as the 
M37703E2-XXXSP except for the memory size. 

FEATURES 

• Number of basic instructions 103 

• Memory size PROM (one time) 32K bytes 

RAM 2048 bytes 

• Instruction execution time 
M37703E4-XXXSP 

(The fastest instruction at 8 MHz frequency) 500ns 

M37703E4AXXXSP 

(The fastest instruction at 16 MHz frequency) 250ns 

M37703E4BXXXSP 

(The fastest instruction at 25 MHz frequency) 160ns 

• Single power supply 5V±10% 

• Low power dissipation (at 8 MHz frequency) 

• 30mW(Typ.) 

• Interrupts 19 types 7 levels 

• Multiple function 16-bit timer 5+3 

• DART (may also be synchronous) -2 

• 8-bit A-D converter 4-chann3l inputs 

• 12-bit watchdog timer 

• Programmable input/output 

(ports PO, PI, P2, P3, P4, P5, P6, P7, P8)-- 53 



PIN CONFIGURATION 


(TOP VIEW) 


AVcc E 








Ml Vcc 


Vref-*II 








U^PSo/CTSo/RtSo 


AVss K 








i|**P8i/CLKo 


P7r/AN7/ADtRG-*ll 








6T]**P82/RxDo 


P72/AN2^[I 








60l**P83/TxDo 


P7i/ANi-H^[6] 








l|**P86/RxDi 


P7o/ANo**[^ 








58]-«'P87/TxDi 


P65/TB0,n--[1j 








57]**P0o/Ao 


P64/INT2-^|I 








H** PO1/A1 


P63/INTi**(J0 








il**P02/A2 


P62/INTo^[lT 








il^^POs/Aa 


P57/TA3,N**[il 


^ 


K 


^ 


H** PO4/A4 


PSe/TASouT ^ m 


w 


CO 


CO 


il^^POg/As 


P55/TA2,N ^ Oi 











sO^^POe/Ae 


P54/TA2ouT ** m 


CO 

m 


m 


CO 

m 


^^POj/Aj 


P53/TA1,N**[l6 


03 


> 


^ 


D^PIo/As/Ds 


P?2/TA1ouT**IiI 


X 
X 
X 


X 


>< 

X 


48l**P1i/A9/D9 


PSi/TAOiN^Ol 




X 

CD 


lz]^Pl2/Aio/Dio 


P5o/TAOouT**ni 


CO 
"0 


13 


TJ 


461**P13/Aii/Dii 


P47/DBC* ^H 








45|->P14/Ai2/Di2 


P42/0i**Ill 








il**Pl5/Ai3/Di3 


P4i/RDY**l22 








43]**P16/Ai4/Di4 


P4o/HOLD**|23 








l]**Pl7/Ai5/Di5 


BYTE -* [24 








4T]^P2o/Ai6/Do 


CNVss H 








40]**P2i/Ai7/Di 


RESET -^ li 








P-^P22/Ai8/D2 


XiM^H 








U^ P23/A19/D3 


xouT^m 








m** P24/A20/D4 


E^E 








m^ P25/A21/D5 


Vss [i 








H- P26/A22/D6 


P32/ALE ** IsT 








34] ^ P27/A23/D7 


PSi/BHE-M-lH 








IH-M- P3o/R/W 


Outline 64P4B 


* '. Used in the evaluation chip nnode only 



APPLICATION 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as ME, NC, 
communication, and measuring instruments 

THE FUNCTIONS AND CHARACTERISTICS 

The M37703E4-XXXSP has the same functions and charac-. 
teristics as the M37703E2-XXXSP except for the ROM and 
RAM size. Refer to the section on the M37703E2-XXXSP. 

DATA REQUIRED FOR PROM ORDERING 

Please send the following data for writing to PROM. 

(1) M37703E4-XXXSP writing to PROM order confirmation 
form 

(2) 64P4B mark specification form for one time PROM 

(3) ROM data (EPROM 3sets) 
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MASK ROM ORDERING METHOD 

Mitsubishi Electric corp. accepts order to transfer EPROM 
supplied program data Into the mask ROMs in single-chip 
16-bit microcomputers. When placing such order, please 
submit the information described below. 

1 . Mask ROM Order Confirmation Form 1 set 

(There Is a specific form to be used for each model.) 

2. Data to be written Into mask ROM EPROM 

(Please provide three sets containing the identical 
data.) 

3. Mark Specification Form 1 set 

NOTES 

(1) Acceptable EPROM type 

Any EPROM made by Mitsubishi Electric corp. that is 
listed in the Mask ROM Order Confirmation Form may 
be used. 

(2) EPROM window labeling 

Please write the model name and the identification 
code (A, B, C) on the label for each of the three sets 
of data EPROMs provided. 

Example : 





A 




M37702 
M2 
-XXXFP 

(S) 













1 






M37702 
M2 
-XXXFP 

(D 













\ 








M37702 

M2 

-XXXFP 










(C) -« 















Type 



Identification 
code for eacli 
of three sets 



(3) Calculation and indication of check sum code 

Please calculate the total number of data in words in 
the EPROM, and write the number in 4-digit hexade- 
cimal form in the check sum code field of the Mask 
ROM Order Confirmation Form. 

(4) Options 

Refer to the appropriate data book entry and write the 
desired options on the Mask ROM Order Confirmation 
Form. 

(5) Marking specification method 

The permissible marking specifications differ depend- 
ing on the shape of package. Please fill out the Mark- 
ing Specification Form and attach it to the Mask ROM 
Order Confirmation Form. 

OUTLINE OF ORDER PROCESSING 

Mitsubishi Electric corp. will produce the mask ROM if at 
least two of the three EPROM sets submitted contain iden- 
tical data. 

If we find error when the submitted EPROMs are com- 
pared, we will contact your representative. Thus, we 
assume responsibility only when we produce the mask 
ROMs that contain data other than the data correctly pro- 
vided by the customer. 

Mitsubishi Electric corp. uses an automatic mask ROM de- 
sign program to generated the forlling: 

1 .'Drafting data for mask ROM production; 

2 : ROM code listing or EPROM for mask ROM produc- 

tion error check work; 

3 '> Mask ROM test program. 

The chart below shows the flow of mask ROM production. 



MELPS 7700 MASK ROM DEVELOPMENT CAD SYSTEM 

From customer Mitsubishi Electric corp. 




^ 




Error? 

Tyes 



^ 



Mask ROM 

automatic design 

program 











D 



IS/lask drafting data 



Order make 



Ehec3 



Mask 
manufacturing 



ROM test program 



V 



/M37702M21 
/ -XXXFP 7 
I III I I I M i l 



<= 



Acceptance 



Mask ROM 

manufacturing 

process 



• Wafer test 

• Final test 

• QAtest 
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GZZ-SH02-45A< 99A0 > 



I 



MELPS 7700 MASK ROM ORDER CONFIRMATION FORM 

SINGLE-CHIP 16-BIT MICROCOMPUTER M37702M2-XXXFP 

MITSUBISHI ELECTRIC 



Mask ROM number 





Q. 

"o 
o 
o 


Date : 


Section head 
signature 


Supervisor 
signature 







Note '. Please fill in all items marked?^ 



Customer 


Company 
name 


TEL 


51 

ii 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the Identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM Type : 



^2. 



^3. 



^•4. 



n 27256 



4000—1 




7FFF_J 



D 27512 




16K 



(1) Set "FFie" in the shaded area. 

(2) Address 0i6 to 10i6 are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 
notation. 

Address Address 

10 



4D 



33 



37 



37 



30 



32 



4D 



32 



Address 




2D 



FF 



FF 



FF 



FF 



FF 



FF 



FF 



I Option data I 



A 
B 
C 
D 
E 
F 



STP instruction option 

One of the following sets of data should be written to the option data address (lOig) of the EPROM you have 

ordered. Check @ in the appropriate box. 

D 



STP instruction enable 
STP Instruction disable 



01l6 



00l6 



Address 10i6 
Address 10i6 



Mark specification 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702M2-XXXFP) and attach to the Mask ROM Order Con- 
firmation Form. 
Comments 
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MELPS 7700 MASK ROM ORDER CONFIRMATION FORM 
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MITSUBISHI ELECTRIC 



Mask ROM number 



Q. 

1 

CC 


Date : 


Section head 
signature 


Supervisor 
signature 







Note * Please fill in all items marked ;^ 



Customer 


Company 
name 


TEL 

( ) 


CD S 
O il 
C 3 

" CO 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

SJDecify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box), 
if at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM Type : 



{1} Set "FFie" in the shaded area. 
(2) Address Oi6 to 10i6 are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 
notation. 

Address Address Address 

8 I Option data I 10 

9 

A 

B 

C 

D 

E 

^ 2. STP instruction option o^ / 

One of the following sets of data should be written to the option data address (lOie) of the EPROM you have 
ordered. Check @ in the appropriate box. 



D 


27256 


D 27512 






















0000 
0010 






0000 
0010 


'^///7/ 


yA 


77, 


////// 

V////a 




////// 


/ / 
/ / 






y: 


'o^m 


' 






4000 
















// 


Z/Z//2 








coou 






DATA 




16K 


























^KXtK 


16K 








7FFF^ 










FFFF 























4D 



1 
2 
3 
4 
5 
6 
7 


41 


33 


FF 


37 


FF 


37 


FF 


30 


FF 


32 


FF 


4D 


FF 


32 


FF 



STP instruction enable 



n STP instruction disable 



01i6 



00i6 



Address lOve 
Address 10i6 



^3. 



^4. 



Mark specification 

Mark specification must be submitted using 

appropriate 80P6N Mark Specification Form 

firmation Form. 

Comments 



the oorrect form for the type of package being ordered fill out the 
(for M37702M2AXXXFP) and attach to the Mask ROM Order Con- 



MITSUBISHI 
L ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

MELPS 7700 MASK ROM 
ORDERING METHOD 



GZZ-SH02-47A< 99A0 > 

MELPS 7700 MASK ROM ORDER CONFIRMATION FORM 

SINGLE-CHIP 16-BIT MICROCOMPUTER M37702M2BXXXFP 

MITSUBISHI ELECTRIC 



Mask ROM number 





Q. 

cc 


Date : 


SecJtion head 
signature 


Supervisor 
signature 







Note : Please fill in all items marked •)K 



Customer 


Company 
name 


TEL 

( ) 


2 £ 

C 3 

= 1 

CO .0> 

~ CO 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only If the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM Type : 



D 27256 




□ 27512 




(1) Set "FFie" in the shaded area. 

(2) Address de to 10i6 are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP Instruction option. 
Address and data are written in hexadecimal 
notation. 

Address . Address 

8 I Option data] 10 



9 
A 
B 
C 
D 
E 

^ 2 . STP instruction option ^ — ^^ — ' ' ' — — ' 

One of the following sets of data should be written to the option data address dOie) of the EPROM you have 
ordered. Check @ in the appropriate box. 

n STP instruction enable [^ 



4D 



1 
2 
3 
4 
5 
6 
7 


42 


33 


FF 


37 


FF 


37 


FF 


30 


FF 


32 


FF 


4D 


FF 


32 


FF 



STP instruction enable 
STP instruction disable 



01i6 



00i6 



Address 10i6 
Address 10i6 



^3. 



^4. 



Mark specification 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702M2BXXXFP) and attach to the Mask ROM Order Con- 
firmation Form. 
Comments 
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MnSUBSHI 
^ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

MELPS 7700 MASK ROM 
ORDERING METHOD 



GZZ-SH02-36A< 98A0 > 

MELPS 7700 MASK ROM ORDER CONFIRMATION FORM 

SINGLE-CHIP 16-BIT MICROCOMPUTER M37702M4-XXXFP 

MITSUBISHI ELECTRIC 



Mask ROM number 





a 
o 


Date : 


Section head 
signature 


Supervisor 
Signature 







Note .* Please fill in all items marked ^^ 



Customer 


Company 
name 


TEL 

( ) 


8 £ 

« 1 

CO D5 
(0 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 

1 1 



^ 1 . Confirnnation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM Type : 



n 27512 
















0000 
0010 


V////A 








8000 








DATA 


3i 
FFFF_ 


K 













(1) 

(2) 



Set "FFre" in the shaded area. 
Address 0i6 to 10i6 are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 
notation. 

Address Address Address 

I Option data I 10 



^2. 



9 
A 
B 

D 
E 

STP instruction option 

One of the following sets of data should be written to the option data address dOie) of the EPROM you have 

ordered. Check @ in the appropriate box. 

n StP instruction enable | Oli6 1 Address 1Qi6 

n STP instruction disable | 00i6 1 Address 10i6 



4D 



1 
2 
3 
4 
5 
6 
7 


2D 


33 


FF 


37 


FF 


37 


FF 


30 


FF 


32 


FF 


4D 


FF 


34 


FF 



j^3. 



^4. 



Mark specification 

Mark specification must be submitted using 

appropriate 80P6N Mark Specification Form 

firmation Form. 

Comments 



the correct form for the type of package being ordered fill out the 
(for M37702M4-XXXFP) and attach to the Mask ROM Order Con- 



MITSUBISHI 
kElECTRIC 
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MITSUBISHI MICROCOMPUTERS 

MELPS 7700 MASK ROM 
ORDERING METHOD 



GZZ-SH02-37A< 98A0 > 

MELPS 7700 MASK ROM ORDER CONFIRMATION FORM 

SINGLE-CHIP 16-BIT MICROCOMPUTER M37702M4AXXXFP 

MITSUBISHI ELECTRIC 



Mask ROM number 





.9- 
cc 


Date : 


Section head 
signature 


Supervisor 
Signature 







Note .' Please fill in all items marked-)?^ 



Customer 


Company 
name 


TEL 

( ) 


CD S 

— "55 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROiVIs submitted. 
Three sets of EPROI\/ls are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the Identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful In verifying the data con- 
tained in the EPR0M6 submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM Type : 



^3. 



^4. 



n 27512 










DATA 


0000 
0010 

8000 — 1 

32K 
FFFF 









(1) Set "FFie" in the shaded area. 

(2) Address Oie to 10i6 are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written In hexadecimal 
notation. 

Address Address ^ Address 

Option data I 10 



^ 2. STP instruction option 



4D 



1 
2 
3 
4 
5 
6 
7 


41 


33 
37 


FF 


FF 


37 


FF 


30 


FF 


32 


FF 


4D 


FF 
FF 


34 



9 
A 
B 
C 
D 
E 
F 



One of the following sets of data should be written to the option data address dOie) of the EPROM you have 
ordered. Check @ in the appropriate box. 

D ■ ■ 

D 



STP instruction enable 
STP Instruction disable 



01 16 



00i6 



Address 10i6 
Address 10i6 



Mark specification 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702M4AXXXFP) and attach to the Mask ROM Order Con- 
firmation Form. 
Comments 
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MITSUBISHI 
kELECTWC 



MITSUBISHI MICROCOMPUTERS 

MELPS 7700 MASK ROM 
ORDERING METHOD 



GZZ-SH02— 38A< 98A0 > 

MELPS 7700 MASK ROM ORDER CONFIRMATION FORM 

SINGLE-CHIP 16-BIT MICROCOMPUTER M37702M4BXXXFP 

MITSUBISHI ELECTRIC 



Mask ROM number 





a 
o 
cc 


Date : 


Section head 
signature 


Supervisor 
signature 







Note : Please fill in all items marked?^ 



Customer 


Company 
name 


TEL 

( ) 


82 


Responsible 
Officer 


Supervisor 






DatQ 
issued 


Date : 



^ 1 . Gonfirnnation 

Specify tiie name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the Identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM Type : 



D 27512 












0000 
0010 

8000 — 1 

32K 
FFFF 


DATA 









(1 ) Set "FFie" in the shaded area. 

(2) Address Q^e to 10i6 are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP Instruction option. 
Address and data are written in hexadecimal 
notation. 

Address Address 

8 ^~ ' 



^ 2 . STP instruction option 



4D 


: 

2 
3 
4 
5 
6 
7 


42 


33 




37 




37 




30 




32 




4D 




34 





I Option data I 10 



9 
A 
B 

D 
E 
F 



One of the following sets of data should be written to the option data address (lOie) of the EPROM you have 
ordered. Check @ in the appropriate box. 

n STP instruction enable 

n STP instruction disable 



01 16 



00i6 



Address 10i6 
Address 10i6 



^3. 



^4. 



Mark specification 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702M4BXXXFP) and attach to the Mask ROM Order Con- 
firmation Form. 
Comments 



MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

MELPS 7700 MASK ROM 
ORDERING METHOD 



GZZ-SH02-51 A< 99A0 > 



MELPS 7700 MASK ROM ORDER CONFIRMATION FORM 

SINGLE-CHIP 16-BIT MICROCOMPUTER M37703M2-XXXSP 

MITSUBISHI ELECTRIC 



Mask ROM number 





Q. 

o 


Date: 


Section head 
signature 


Supervisor 
signature 







Note '. Please fill in all items markecl>5^ 



Customer 


Company 
name 


TEL 


5? 

il 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the Identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only If the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful In verifying the data con- 
tained in the EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM Type : 



n 27256 





0000 


W^. 


/A 


0010 






4000 — 


DATA 




16 
7FFF_ 



D 27512 





1 


:^^ 


DATA 



0000 
0010 



cooo 



1 

16K 

J 



(1) 
(2) 



^2. 



Set "FFie" in the shaded area. 
Address Oi6 to 10i6 are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the SJP instruction option. 
Address and data are written in hexadecimal 
notation. 

Address Address 

10 



4D 



33 



37 



37 



30 



33 



4D 



32 



Address 




2D 



FF 



FF 



FF 



FF 



FF 



FF 



FF 



I Option data I 



9 
A 
B 
C 
D 
E 
F 



STP Instruction option 

One of the following sets of data should be written to the option data address (tOie) of the EPROM you have 

ordered. Check @ in the appropriate box. 

n STP Instruction enable | 0li6 1 Address 10i6 

D STP instruction disable | OOis H Address tOie 



^3. 



^^, 



Mark specification 

Mark specification must be submitted using 

appropriate 64P4B Mark Specification Form 

firmation Form. 

Comments 



the correct form for the type of package being ordered fill out the 
(for M37703M2-XXXSP) and attach to the Mask ROM Order Con- 
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MITSUBISHI 
lBLECTWC 



MITSUBISHI MICROCOMPUTERS 

MELPS 7700 MASK ROM 
ORDERING METHOD 



GZZ-SH02-52A< 99A0 > 

MELPS 7700 MASK ROM ORDER CONFIRMATION FORM 

SINGLE-CHIP i6-BIT MICROCOMPUTER M37703M2AXXXSP 

MITSUBISHI ELECTRIC 



Mask ROM number 





a 
■<D 
o 




Date : 


Section head 
signature 


Supervisor 
signature 







Note '. Please fill in all items marked*^ 



Customer 


Company 
name 


TEL 

( ) 




Responsible 
officer 


Supervisor 


S 2 

— CO 






Date 
issued 


Date : 



^ 1 . Confirrriatlon 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROiS/ls are required for each pattern (Check @ in the appropriate box), 
if at least two of the three sets of EPROMs submitted contain the Identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 



Checksum code for entire EPROM areas 



EPROM Type : 



n 27256 




16K 



D 27512 





III 


/Z 

1 


DATA 



0000 
0010 



cooo 



1 



(hexadecimal notation) 



(1) Set "FFie" in the shaded area. 

(2) Address 0i6 to 10i6 are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 
notation. 

Address Address 

I Option data I 10 



9 
A 
B 
C 
D 
E 

^ 2 . STP instruction option 

One of the following sets of data should be written to the option data address dOie) of the EPROM you have 
ordered. Check @ in the appropriate box. 

n ' ' 



40 



1 
2 
3 
4 
5 
6 
7 


41 


33 


FF 


37 


FF 


37 


FF 


30 


FF 


33 


FF 


40 


FF 


32 


FF 



STP instruction enable 
STP instruction disable 



01l6 
00i6 



Address 10i6 
Address 10i6 



^ 3 . Mark specification 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 64P4B Mark Specification Form (for M37703M2AXXXSP) and attach to the Mask ROM Order Con- 
firmation Form. 

^ 4 . Comments 



MITSUBISHI 
lELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

MELPS 7700 MASK ROM 
ORDERING METHOD 



GZZ-SH02-53A< 99A0 > 



MELPS 7700 MASK ROM ORDER CONFIRMATION FORM 

SINGLE-CHIP 16-BIT MICROCOMPUTER M37703M2BXXXSP 

MITSUBISHI ELECTRIC 



Mask ROM number 





Q. 


Date : 


Section head 
signature 


Supervisor 
signature 







Note i Please fill in all items marked^* 



Customer 


Company 
name 


TEL 

( ) 


(0 

II 

- CO 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROf\/ls are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful In verifying the data con- 
tained In the EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM Type : 



n 27256 



r/ 




0000 


'V/7//A 


0010 


^ 


y////A 








4000 




DATA 


16 
7FFF_ 



D 27512 



77 






y/// 




I 


^ 


'// 




DATA 





0000 
0010 



n 

16K 



(1) Set "FFte" in the shaded area. 

(2) Address 0i6 to 10i€ are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction optipn. 
Address and data are written in hexadecimal 
notation. 

Address^ ^Address 

I Option data] 10 



^2. 



9 

A 

FFFF_J 37 3 ; FF B 

C 
D 
E 

STP instruction option 

One of the following sets of data should be written to the option data address (lOie) ot the EPROM you have 

ordered. Check @ In the appropriate box. 

□ STP instruction enable | ' Qlis', 1 Address 10i6 

n STP instruction disable | OOis 1 Address 10i6 





Address 

1 
2 

3 ; 
4 
5 
6 
7 




4D 


42 


33 


FF 


37 


FF 


37 


FF 


30 


FF 


33 


FF 


4D 


FF 


32 


FF 



^3. 



j^4. 



Mark specif icatloh 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 64P4B Mark Specification Form (for M37703M2BXXXSP) and attach to the Mask ROM Order Con- 
firmation Form. 
Comments 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

MELPS 7700 MASK ROM 
ORDERING METHOD 



GZZ-SH02-42A < 98A0 > 

MELPS 7700 MASK ROM ORDER CONFIRMATION FORM 

SINGLE-CHIP 16-BIT MICROCOMPUTER M37703M4-XXXSP 

MITSUBISHI ELECTRIC 



Mask ROM number 



Q. 

"5 
o 


cc 


Date : 


Section head 
signature 


Supervisor 
signature 







Note .* Please fill in all items mari<ed^ 



Customer 


Company 
name 


TEL 

( ) 


S 2 

" 1 

"(0 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordeiped and the type of EPROMs submitted. 
Three sets of EPROIVIs are required for each pattern (Checi< @ in the appropriate box). 
If at least two of the three sets of EPROIVIs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM Type : 



^2. 



(1) Set "FFie" in the shaded area. 

(2) Address de to 10i6 are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 
notation. 

Address ^Address 

8 I Option data I 10 

9 

A 

B 

C 

D 

E 

STP instruction option 

One of the following sets of data should be written to the option data address (lOie) of the EPROM you have 

ordered. Check @ in the appropriate box. 

D STP instruction enable | Oli6 ~| Address 10i6 
D STP instruction disable | 00i6 1 Address 10i6 



n 27512 












0000 
0010 

8000 — 1 

32K 
FFFF 


DATA 











Address 

1 
2 
3 
4 
5 
6 
7 




40 


20 


33 


FF 


37 


FF 


37 


FF 


30 


FF 


33 


FF 


40 


FF 


34 


FF 



^3. 



^4. 



Mark specification 

Mark specification must be submitted using 

appropriate 64P4B Mark Specification Form 

firmation Form. 

Comments 



the correct form for the type of package being ordered fill out the 
(for M37703M4-XXXSP) and attach to the Mask ROM Order Con- 



MltSUBiSHI 
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MITSUBISHI MICROCOMPUTERS 

MELPS 7700 MASK ROM 
ORDERING METHOD 



GZZ-SH02-43A< 98A0 > 

MELPS 7700 MASK ROM ORDER CONFIRMATION FORM 

SINGLE-CHIP 16-BIT MICROCOMPUTER M37703M4AXXXSP 

MITSUBISHI ELECTRIC 



Mask ROM number 





Q. 
o 

Q> 


Date : 


Section head 
signature 


Supervisor 
signature 







Note ' Please fill in all items marked^ 



Customer 


Company 
name 


TEL 

( ■ . ) 


o ii 

§1 

— (0 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type ^f EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM Type : 



D 27512 












0000 
0010 

8000 ~| 

32 K 
FFFF 


DATA 

- ■ 









(1) Set "FFie" in the shaded area. 

(2) Address 0i6 to 10i6 are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 
notation. 

Address^ Address 

I Option data I 10 



9 
A 
B 
C 
D 
E 
^ 2 . STP irtstruction option o*+ / rr F 

One of the following sets of data should be written to the option data address dOie) of the EPROM you have 

ordered. Check @ In the appropriate box. 
□ — ■ 





Address 

1 

2 
3 
4 
5 
6 
7 




4D 


41 


33 


FF 


37 


FF 


37 


FF 


30 


FF 


33 


FF 


4D. 


FF 


34 


FF 



STP instruction enable 
STP instruction disable 



01l6 
00i6 



Address 10i6 
Address 10i6 



^3. Mark specification 

Mark specification must be submitted using 
appropriate 64P4B Mark Specification Form 
firmatlon^ Form. . 

j^ 4 . Comments 



the correct form for the type of package being ordered fill out the 
(for M37703M4AXXXSP) and attach to the Mask ROM Order Con- 
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MITSUBISHI MICROCOMPUTERS 

MELPS 7700 MASK ROM 
ORDERING METHOD 



GZZ-SH02-44A< 98A0 > 

MELPS 7700 MASK ROM ORDER CONFIRMATION FORM 

SINGLE-CHIP 16-BIT MICROCOMPUTER M37703M4BXXXSP 

MITSUBISHI ELECTRIC 



Mask ROM number 





8 

(D 


Date : 


Section head 
signature 


Supervisor 
signature 







Note '. Please fill in all items marked 5?? 



Customer 


Company 
name 


TEL 

( ) 


o z. 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 

. . ■. , _ 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained In the EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM Type : 



n 27512 












0000 






0010 




^:^^^ 


• 
8000 1 

32K 

FFFF 




DATA 

• 









(1) 

(2) 



Set "FFie" in the shaded area. 
Address 0i6 to 10i6 are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP Instruction option. 
Address and data are written In hexadecimal 
notation. 

Address Address 

10 



^ 2 . STP Instruction option 





Address 


1 
2 
3 
4 
5 
6 
7 




4D 


42 


33 


FF 


37 


FF 


37 


FF 


30 


FF 


33 


FF 


4D 


FF 


34 


FF 



8 I Option data] 

9 

A 

B 

C 

D 

E 

F 



One of the following sets of data should be written to the option data address (lOie) of the EPROM you have 
ordered. Check @ In the appropriate box. 

D STP Instruction enable | 01 16' 1 Address 10i6 
n STP Instruction disable | 00i6 ~1 Address 10i6 
^ 3 . Mark specification 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 64P4B Mark Specification Form (for M37703M4BXXXSP) and attach to the Mask ROM Order Con- 
firmation Form. 
^4. Comments 
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MELPS 7700 PROM ORDERING METHOD 



PROM ORDERING METHOD 

Mitsubishi Electric corp. accepts order to transfer EPROIVI 
supplied program data into the one time PROMs in single- 
chip 16-bit microcomputers. When placing such order, 
please submit the information described below. 

1 . Writing to PROM Order Confirmation Form 1 set 

(There is a specific form to be used for each model.) 

2 . Data to be written into PROM built in EPROM 

(Please provide three sets containing the identical 
data.) 

3. Mark Specification Form- ••• ••1 set 

NOTES 

(1) Acceptable EPROM type 

Any EPROM made by Mitsubishi Electric corp. that is 
listed in the Writing to PROM Order Confirmation Form 
may be used. 
Example '. ^ Label 





y 


/ 




M37702 

E2 

-XXXFP 

® 













L ~ 


\ 










M37702 

E2 

-XXXFP 











\ 








M37702 
E2 
-XXXFP 










© ^ 















Type 

Identification 
code for eacii 
of tliree sets 



(2) EPROM window labeling 

Please write the model name and the identification 
code (A, B, C) on the label for each of the three sets 
of data EPROMs provided. 

(3) Calculation and indication of check sum code 

Please calculate the total number of data in words In 
the EPROM, and write the number in 4-digit hexade- 
cimal form in the check sum code field of the Writing 
to PROM Order Confirmation Form. 

(4) Marking specification method 

The permissible marking specifications differ depend- 
ing on the shape of package. Please fill out the Mark- 
ing Specification Form and attach it to the Writing to 
PROM Order Confirmation Form. 

OUTLINE OF ORDER PROCESSING 

Mitsubishi Electric corp. will produce Writing to PROM if at 
least two of the three EPROM sets submitted contain iden- 
tical data. 

If we find error when the submitted EPROMs are com- 
pared, we will contact your representative. Thus, we 
assume responsibility only when we produce Writing to 
PROMs that contain data other than the data correctly pro- 
vided by the customer. 

The chart below shows the flow of one time PROM produc-^ 
tion. 



MELPS 7700 ONE TIME PROM DEVELOI 

From custonner 


m 


lENT CAD SYSTEM 

Mitsubishi Electric corp. 






Confirmation 
form 














EPROI\/l 


1 




Object 

program 

generation 


(3 sets) 




f ^ ^^\ NO 






■■■■■■■■^ ^^Crr«r7\ ^M 


^^m 




|YES 


T 




\ 






1 




. 




▼ 






ROM code 




X^rnr^ NO 


' 


' 


list 








i 




JZ' 








• Writing to 

PROM 

• Final test 

• Screening 

• QA test 




YES 


<r fSn>»'^° 


Check| 


, ■ . 


e fault > 




\^ 






' 




1 






/ 


M37702E2 /» ^ 


Acceptance ■ 






-XXXFP 1 


■ 1 ■ • '•■ ^ ■■: ^ ■ 








f 1 II M II 1 Ml 1 
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MITSUBISHI MICROCOMPUTERS 

MELPS 7700 PROM ORDERING METHOD 



GZZ-SH02-54A < 99A0 > 

MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM 

SINGLE-CHIP 16-BIT MICROCOMPUTER 

M37702E2-XXXFP 

MITSUBISHI ELECTRIC 



ROM number 







Date : 


Section head 
signature 


Supervisor 
signature 







Note I Please fill in all items marked;^ 



Customer 


Company 
name 


TEL 

( ) 


II 
« 1 

s .1 

— w 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 

PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 

products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 

contained in the EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM Type : 



n 27256 


D 27512 






















0000 






0000 
OOOF 

COOO 

16K 
FFFF 


DATA 


OOOF 

4000 ~ 

16 
7FFF 


K 


DATA 



















(1) 

(2) 



Set "FFie" in the shaded area. 

Address de to OFie are the area for storing the 

data on model designation. This area must be 

written with the data shown below. 

Address and data are written in hexadecimal 

notation. 

Address 
8 



^2. 



^3. 



9 
A 
B 
C 
D 
E 

Mark specification 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 

appropriate 80P6N Mark Specification Form (for M37702E2-XXXFP) and attach to the Writing to PROM Order 

Confirmation Form. 

Comments 





Address 

1 
2 
3 
4 
5 
6 
7 




4D 


2D 
FF 
FF 


33 


37 


37 


FF 


30 


FF 


32 


FF 


45 


FF 


32 


FF 



MTTSUBISHI 
k ELECTRIC 
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MELPS 7700 PROM ORDERING METHOD 



GZZ-SH02-55A< 99A0 > 

MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM 

SINGLE-CHIP 16-BIT MICROCOMPUTER 

M37702E2AXXXFP 

MITSUBISHI ELECTRIC 



ROM number 





.9- 

DC 


Date : 


Section head 
signature 


Supervisor 
signature 







Note .' Please fill in all items marl<ed^ 



Customer 


Company 
name 


TEL 

( ) 


g £ 
§1 

<0 D) 


Responsible 
officer 


Supervisor 






Date 
issued 


Date: 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type, of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ In the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 

PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 

products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 

contained In the EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM Type : 



n 27256 




n 27512 




GOOD 



(1) 
(2) 



Set "FFie" in the shaded area. 

Address de to OFie are the area for storing the 

data on model designation. This area must be 

written with the data shown below. 

Address and data are written in hexadecimal 

notation. 

Address 
8 



4D 



Address 




33 



37 



37 



30 



32 



45 



32 



41 



FF 



FF 



FF 



FF 



FF 



FF 



FF 



9 
A 
B 
C 
D 
E 
F 



^2. Mark specification 

Mark specification must be submitted usin^ the correct fprm for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702E2AXXXFP) and attach to the Writing to PROM Order 
Confirmation Form. 

^ 3 . Comments 
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MITSUBISHI MICROCOMPUTERS 

MELPS 7700 PROM ORDERING METHOD 



GZZ-SH04-07 A < OZAO > 

MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM 

SINGLE-CHIP 16-BiT MICROCOMPUTER 

M37702E2BXXXFP 

MITSUBISHI ELECTRIC 



ROM number 





a 
o 


Date : 


Section head 
signature 


Supervisor 
signature 







Note '. Please fill in all items marked^ 



Customer 


Company 
name 


TEL 

( ) 


C 3 

s 1 

to .O) 
"~ 'co 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



^1 



Confirmation 

Specify the nanne of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 

PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 

products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 

contained in the EPROMs submitted. 



Checksum code for entire EPROM areas 



EPROM Type : 










, n 27256 


D 27512 
















DATA 


0000 
OOOF 

4000"~] 

16K 
7FFF 




'mm 
ill 

DATA 


0000 
OOOF 

COOO 1 

16K 
FFFF 















(hexadecimal notation) 



(1) Set "FFie" in the shaded area. 

(2) Address 0i6 to 0Fi6 are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
notation. 

Address 



9 
A 
B 
C 
D 
E 

^ 2 . Mark specification ' — '^ — ' ' ' — — ' 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702E2BXXXFP) and attach to the Writing to PROM Order 
Confirmation Form. 

^ 3 . Comments 





Address 

1 
2 
3 
4 
5 
6 
7 




4D 


42 


33 




37 




37 




30 




32 




45 




32 





MITSUBISHI 
kELECTRIC 



4-19 



MITSUBISHI MICROCOMPUTERS 



MELPS 7700 PROM ORDERING METHOD 



GZZ-SH03-67A< 07A0 > 

MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM 

SINGLE-CHIP 16-BIT MICROCOMPUTER 

M37702E4-XXXFP 

MITSUBISHI ELECTRIC 



ROM number 



Q. 

O 
0) 
DC 


Date : 


Section head 
signature 


Supervisor 
signature 







Note '. Please fill in all items marked??^ 



Customer 


Company 
name 


TEL 

( ) 


CD S 
1 - 

— 'w 


Responsible 
officer 


Supervisor 






Date 
issued 


Date: 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 

PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 

products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 

contained in the EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM Type : 



D 


27512 














//, 


0000 
GOOF 

8000 1 

32 K 
FFFF 


III 


DATA 











(1) Set "FFie" in the shaded area. 

(2) Address 0i6 to 0Fi6 are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
notation. 

Address Address 



^2. 



4D 




1 
2 

3 
4 
5 
6 
7 


2D 


33 


FF 


37 
37 


FF 
FF 


30 
32 


FF 
FF 


45 
34 


FF 
FF 



9 
A 
B 
C 
D 
E 
F 



Mark specification 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702E4-XXXFP) and attach to the Writing to PROM Order 
Confirmation Form. 
^ 3 . Comments 
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MITSUBISHI MICROCOMPUTERS 

MELPS 7700 PROM ORDERING METHOD 



GZZ-SH03-70A < 07A0 > 

MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM 

SINGLE-CHIP 16-BIT MICROCOMPUTER 

M37702E4AXXXFP 

MITSUBISHI ELECTRIC 



ROM number 





Q. 

O 

CC 


Date : 


Section head 
signature 


Supervisor 
signature 







Note ; Please fill in all items marked^ 



Customer 


Company 
name 


TEL 

( ) 


"(0 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 

PROM based on this data. We shall assume the responsibility for errors only If the written PROM data on the 

products we produce differ from this data. Thus, the customer must be especially careful In verifying the data 

contained in the EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM Type : 



D 27512 










DATA 


0000 
OOOF 

8000 ~~j 

32K 
FFFF 









(1 ) Set "FFie" in the shaded area. 

(2) Address de to 0Fi6 are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
notation. 

Address Address 



4D 



1 
2 
3 
4 
5 
6 
7 


41 


8 


33 


FF 


9 


37 


FF 


A 


37 


FF 


B 


30 


FF 





32 


FF 


D 


45 


FF 


E 


34 


FF 


F 



^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702E4AXXXFP) and attach to the Writing to PROM Order 
Confirmation Form. 

^ 3 . Comments 



MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

MELPS 7700 PROM ORDERING METHOD 



GZZ-SH03-38A < 01 AO > 

MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM 

SINGLE-CHIP 16-BIT MICROCOMPUTER 

M37702E4BXXXFP 

MITSUBISHI ELECTRIC 



ROM number 





Q. 
CC 


DsLte : 


Section head 
signature 


Supervisor 
signature 







Note .* Please fill In all items marked?^ 



Customer 


Company 
name 


TEL 

( ) 


Si 
" 1 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of tlie product being ordered and the type of EPROMs submitted. 

Three sets of EPROIVIs are required for each pattern (Check @ In the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 

PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 

products we produce differ from this data. Thus, the customer must be especially careful In verifying the data 

contained in the EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM Type : 




(1) Set "FFie" In the shaded area. 

(2) Address Oie to OFie are the area for storing the' 
data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
notation. 

Address Address 



9 
A 
B 
C 
D 
E 

j^2. Mark specification 

Mark specification must be submitted using the torrect form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702E4BXXXFP) and attach to the Writing to PROM Order 
Confirmation Form. 

^ 3 . Comments 



4D 



1 
2 
3 
4 
5 
6 
7 


42 


33 


FF 


37 


FF 


37 


FF 


30 


FF 


32 


FF 


45 


FF 


34 


FF 
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MITSUBISHI MICROCOMPUTERS 

MELPS 7700 PROM ORDERING METHOD 



GZZ-SH02-58A< 99A0 > 

MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM 

SINGLE-CHIP 16-BIT MICROCOMPUTER 

M37703E2-XXXSP 

MITSUBISHI ELECTRIC 



ROM number 





Q. 
■<D 
O 
CD 
DC 


Date : 


Section head 
signature 


Supervisor 
signature 







Note ; Please fill in all items marked-)^ 



Customer 


Company 
name 


TEL 

( ) 


1 

8 £ 

^ "co 

i .1 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



^ 1 



Confirnnation 

Specify tiie name of the product being ordered and tlie type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 

PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 

products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 

contained in the EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM Type 














n 


27256 


n 27512 




















0000 
OOOF 






0000 
OOOF 

COOO 

16K 
FFFF 


m. 


/A 


//////// 


DATA 




4000 

7FFF 


>K 


• 

DATA 



















(1) Set "FFie" in the shaded area. 

(2) Address 0i6 to 0Fi6 are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
notation. 

Address Address 



.^2. 



^3. 



9 
A 
B 
C 
D 
E 

Mark specification 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 64P4B Mark Specification Form for one time PROM (for M37703E2-XXXSP) and attach to the Writ- 
ing to PROM Order Confirmation Fornri. 
Comments 



4D 



1 

2 
3 
4 
5 
6 
7 


2D 


33 


FF 


37 


FF 


37 


FF 


30 


FF 


33 


FF 


45 


FF 


32 


FF 



MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

MELPS 7700 PROM ORDERING METHOD 



GZZ-SH02-59AO9A0 > 

MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM 

SINGLE-CHIP 16-BIT MICROCOMPUTER 

M37703E2AXXXSP 

MITSUBISHI ELECTRIC 



ROM number 





© 
o 

0) 

cc 


Date : 


Section head 
signature 


Supervisor 
signature 







Note '. Please fill in all items marked>§^ 



Customer 


Company 
name 


TEL 

( ) 




Responsible 
officer 


Supervisor 






Date 
issued 


Date: 



^1 



Cortfirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the Identical data, we will produce writing to 

t^ROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 

products we produce differ from this data. Thus, the customer must be especially careful In verifying the data 

contained in the EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM Type : 












D 27256 


n 27512 
















iff 


0000 
OOOF 




, 


0000 
OOOF 

C000~| 

16K 
FFFF 


III 


DATA 


4000 

16 
7FFF_ 


K 


DATA 

















(1 ) Set "FFie" in the shaded area. 

(2) Address 0i6 to OFie are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
notation. 

Address 



9 
A 
B 
C 
D 
E 

^2. Mark specification 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 64P4B Mark Specification Form for one time PROM (for M 37703 E2AXXXSP) and attach to the Writ- 
ing to PROM Order Confirmation Form. 

^ 3 . Comments 



4D 



1 
2 
3 
4 
5 
6 
7 


41 


33 


FF 


37 


FF 


37 


FF 


30 


FF 


33 


FF 


45 


FF 


32 


FF 
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MELPS 7700 PROM ORDERING METHOD 



GZZ-SH04-08A < OZAO > 

MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM 

SINGLE-CHIP 16-BIT MICROCOMPUTER 

M37703E2BXXXSP 

MITSUBISHI ELECTRIC 



ROM number 







Date : 


Section head 
signature 


Supervisor 
signature 







Note '. Please fill in all items marked??^ 



Customer 


Company 
name 


TEL 

( ^ ) 


§ 2 

2 CO 

i.l 

— (0 


Responsible 
officer 


Supervisor 






Date 
issued 


Date: 



^1 , 



Confirmation 

Specify the nanne of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 

PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 

products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 

contained in the EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM Type : 














D 27256 


D 


27512 


















DATA 


0000 






0000 
OOOF 

cooo'n 

16K 
FFFF 


OOOF 
4000 ~ 

16 
7FFF 


K 


11 


^. 


DATA 



















(1) Set "FFie" in the shaded area. 

(2) Address 0i6 to 0Fi6 are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
notation. 

Address 



9 
A 
B 
C 
D 
E 
^ 2 . Mark specification \ '^^ \ / i — rr — | F 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 64P4B Mark Specification Form for one time PROM (for M37703E2BXXXSP) and attach to the Writ- 
ing to PROM Order Confirmation Form. 
^ 3 . Comments 



4D 



1 
2 
3 
4 
5 
6 
7 


42 


33 


FF 


37 


FF 


37 


FF 


30 


FF 


33 


FF 


45 


FF 


32 


FF 
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MELPS 7700 PROM ORDERING METHOD 



GZZ-SH03-69A< 07A0 > 

MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM 

SINGLE-CHIP 16-BIT MICROCOMPUTER 

M37703E4-XXXSP 

MITSUBISHI ELECTRIC 



ROM number 





Q. 

O 
CD 
DC 


Date : 


Section head 
signature 


Supervisor 
signature 







Note ". Please fill In all items marked >5< 



Customer 


Company 
name 


TEL 


CC CO 

— xn 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 

PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 

products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 

contained in the EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM Type : 



D 


27512 














0000 
000 F 

8000 "~] 

32K 
FFFF 


v//// 
v//// 


V/ 
v/ 











(1) Set "FFie" in the shaded area. 

(2) Address Oie to OFie are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
notation. 

Address Address 



^ 2 . Mark specification 



4D 



1 

2 
3 
4 
5 
6 
7 


2D 


33 




37 




37 




30 




33 




45 




34 





9 
A 
B 
C 
D 
E 
F 



^3, 



Mark specification must be submitted using the correct form tor the type of package being ordered fill out the 
appropriate 64P4B Mark Specification FornTfor one time PROM (for M37703E4-XXXSP) and attach to the Writ- 
ing to PROM Order Confirmation Form. 
Comments 
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MITSUBISHI MICROCOMPUTERS 

MELPS 7700 PROM ORDERING METHOD 



GZZ-SH03-68A < 07 AO > 

MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM 

SINGLE-CHIP 16-BIT MICROCOMPUTER 

M37703E4AXXXSP 

MITSUBISHI ELECTRIC 



ROM number 





a 

o 


DC 


Date : 


Section head 
signature 


Supervisor 
signature 







Note '. Please fill in all items marked-^ 



Customer 


Company 
name 


TEL 

( ' ) 


8 £ 

c u 

§ 1 

s .I 

— CO 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify tJie name of the product being ordered and thie type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 

PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 

products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 

contained in the EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM Type : 



,□■ 


27512 












- 


0000 
000 F 

8000 ~~1 

32K 
FFFF 


yW 


/A 
/ / 


DATA 











(1) Set "FFie" in the shaded area. 

(2) Address Oie to OF16 are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
notation. 

Address 



^ 2 . Mark specification 





Address 

1 
2 
3 
4 
5 
6 
7 




4D 


41 


33 


FF 


37 


FF 


37 


FF 


30 


FF 


33 


FF 


45 


FF 


34 


FF 



9 
A 
B 
C 
D 
E 
F 



^3, 



Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 64P4B Mark Specification Form for one time PROM (for M37703E4AXXXSP) and attach to the Writ- 
ing to PROM Order Confirmation Form. 
Comments 
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MITSUBISHI MICROCOMPUTERS 



MELPS 7700 PROM ORDERING METHOD 



GZZ-SHq3-41A<01A0> 

MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM 

SINGLE-CHIP 16-BIT MICROCOMPUTER 

M37703E4BXXXSP 

MITSUBISHI ELECTRIC 



ROM number 


-■ — 



Q. 
■© 
O 
(D 


Date : 


Section head 
signature 


Supervisor 
signature 







Note : Please fill in all items marked^ 



Customer 


Company 
name 


TEL 


8 e 
i.l 

— CO 


Responsible 
officer 


Supervisor 






Date 
issued 


Date: 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contairi the identical data, we will produce writing to 

PROM based on this data. We shall assume the responsibility for errors only If the written PROM data on the 

products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 

contained In the EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM Type : 



D 


27512 
















0000 
OOOF 

8000 ~n 

32K 
FFFF 


ii 


DATA 











(1) 

(2) 



Set "FFie" in the shaded area. 

Address 0i6 to OFie are the area for storing the 

data on model designation. This area must be 

written with the data shown below. 

Address and data are written In hexadecimal 

notation. 

Address 
8 



9 
A 
B 
C 
D 
E 

^ 2 . Mark specification ' — ^^^^- — ' ' ^- — ^^^- — ^ 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 64P4B Mark Specification Form for one time PROM (for M37703E4BXXXSP) and attach to the Writ- 
ing to PROM Order Confirmation Form. 

j^ 3 . Comments 





Address 

1 
2 
3 
4 
5 
6 
7 




4D 


42 


33 


FF 


37 


FF 


37 


FF 


30 


FF 


33 


FF 


45 


FF 


34 


FF 
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MITSUBISHI MICROCOMPUTERS 



MARK SPECIFICATION FORM 



MARK SPECIFICATION FORM 

Mark specification format differs depending on the pack- 
age type. 

Fill out the Mark Specification Form for the package type 
being ordered, and submit the form with the Mask ROM 
Confirmation Form. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



64P4B (64-PIN SHRINK DIP) MARK SPECIFICATION FORM 



Mitsubishi iC catalog name 



Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special mark (if 
needed). 

A. Standard Mitsubishi Mark 

(e)nnnnnn nnnnnnnnnnnnnnnnnnnnnnnnnn 




011UUUUUUUUUUUUUUUUUUUUUUUUUUUUUU 



B. Customer' s Parts Number + Mitsubishi IC Catalog Name 



D 



Mitsubishi product number 

(6-digit) 



.J 



Mitsubishi IC catalog name 



-Customer' s Parts Number 
Note: The fonts and size of 
characters are standard 
Mitsubishi type. 



Mitsubishi IC catalog name 



® UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUIJ 

Note1 : The mark field should be written right aligned. 

2 : The fonts and size of characters are standard Mitsubishi type. 

3 : Customer' s parts number can be up to 19 alphanumeric characters for capital letters, hyphens, commas, periods and 

so on. 
4 : If the Mitsubishi logo A is not required, check the box on the right. 

A Mitsubishi logo is not required 

D 

C. Special Mark Required 

(P) nnnnnnnnnnnnnnnnnnnnnnnnnnnrinnnn (i^ 




® uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu ® 

Note1 : If special mark is to be printed, indicate the desired layout of the mark in the upper figure. The layout will be dupli- 
cated technically as close as possible. Mitsubishi product number (6-digit) and Mask ROM number (3-digit) are al- 
ways marked for sorting the products. 
2: If special character fonts (e. g., customer's trade mark logo) must be used in special mark, check the box on the 
right. 
For the new special character fonts a clean font original (ideally logo drawing) must be submitted. 

Special character fonts required 



D 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



80P6N (80-PIN QFP) MARK SPECIFICATION FORM 



Mitsubishi IC catalog name 



Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special mark (if 
needed). 

A. Standard Mitsubishi Mark 




Mitsubishi product 
number (6-digit) 



Mitsubishi IC catalog name 



B. Customer's Parts Number + Mitsubishi IC Catalog Name 




Customer's Parts Number 

Note : The fonts and size of characters are standard Mitsu- 
bishi type. 

Mitsubishi IC catalog name 

Note1 : The mark field should be written right aligned. 

2 : The fonts and size of characters are standard Mitsu- 
bishi type. 
3 : Customer's parts number can be up to 14 alpha- 
numeric characters for capital letters, hyphens, 
commas, periods and so on. 
4: If the Mitsubishi logo A is not required, check the 
box below. 

AMitsubishi logo is not required 



D 



C. Special Mark Required 




.Note1 : If special mark is to be printed, indicate the desired 
layout of the mark in the left figure. The layout will 
be duplicated technically as close as possible. Mit- 
subishi product number (6-digit) and Mask ROM 
number (3-digit) are always marked for sorting the 
products. 
2: If special character fonts (e.g., customer's trade 
mark logo) must be used in Special Mark, check 
the box below. 

For the new special character fonts a clean font ori- 
ginal (ideally logo drawing) must be submitted. 

Special character fonts required 



D 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



64P4B(64-PIN SHRINK DIP)MARK SPECIFICATION FORM 
for one time PROM version microcomputers 



Enter the catalog num.ber of the microcomputer for which this mark specification is Intended. (If you do not know the ROM 
code number, enter XXX in its place.) 



the catalog number of the microcomputer 



M 



A. Standard Mitsubishi Mark 
Customer specified part number will be printed together with the ROM code number on th^e top line. 
Enter the desired part number left aligned In the box below.(up to 10 characters) 



nnnnnn 



D 



r\r\r\r\nnnnr\ 



nnnnnnnnnnnr\nnnnn 



RXXX 



Note2 : 



. Mitsubishi catalog number 
^ (blank model number before writing) 



Mitsubishi lot number(6-digit) 



©UuuuuuuijijuuuuuuuuuuuuuUUUUUUUUUL 

Note1 : The following characters can be used in the part number : 

Uppercase alphabet, numbers, ampersand, hyphen, period, comma, +,/,(,),© 
(©will be printed at 1,5X character width) 
2 : XXX is the ROM code number. 

B. Special Mark Required 

If you desire anything other than the standard Mitsubishi mark, it will be treated as a special mark. 

Special marks will take longer to produce and should be avoided if possible. 

If a special mark is to be printed, indicate the desired layout of the mark in the figure below.The layout will be duplicated as 

closely as possible. 



(8) pnnnnnnnhnnr^nnnnnnnnnnnnnnnnnnf^nj ^ 



D 



©uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu 

Note1 : If the customer's trademark logo must be used in the special mark, please submit a clean original logo. 
Note that special marks require extra cost and time to produce. 
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CONTACT ADDRESSES FOR FURTHER INFORMATION 



JAPAN = 

Semiconductor Marketing Division 
Mitsubislii Electric Corporation 
2-3, Marunouchi 2-chonne 
Chiyoda-ku, Tokyo 100, Japan 
Telex: 24532 MELCO J 

Telephone: (03)3218-3473 
(03)3218-3499 
Facsinnile: (03) 3214-5570 

Overseas Marketing Manager 

Kita-ltami Works 

4-1, Mizuhara, Itami-shi, 

Hyogo-ken 664, Japan 

Telex: 526408 KMELCO J 

Telephone: (0727)82-5131 

Facsinnile: (0727) 72-2329 



HONG KONG =========== 

MITSUBISHI ELECTRIC (H.K.) LTD. 

25 Floor, Leighton Centre, 

77, Leighton Road. Causeway Bay. 

Hong Kong 

Telex: 60800 MELCO HX 

Telephone: (5)773901-3 

Facsimile: (5)895-3104 



SINGAPORE = 



MELCO SALES SINGAPORE PTE. 

LTD. 

230 Upper Bukit Timah Road # 03- 

01/15 

Hock Soon Industrial Complex 

Singapore 2158 

Telex: RS 20845 MELCO 

Telephone: 4695255 

Facsimile: 4695347 

TAIWAN 



MELCO-TAIWAN CO., Ltd. 
1st fl., Chung-Ling BIdg., 
363, Sec. 2, Fu-Hsing S Road, 
Taipei R.O.C. 
Telephone: (02) 735-3030 
Facsimile: (02) 735-6771 
Telex: 25433 CHURYO "MELCO- 

TAIWAN" 



U.S.A. 

NORTHWEST 

Mitsubishi Electronics America, Inc. 
1050 East Arques Avenue 
Sunnyvale, CA 94086 
Telephone: (408) 730-5900 
Facsimile: (408) 730-4972 

SAN DIEGO 

Mitsubishi Electronics America, Inc. 
16980 Via Tazon, Suite 220 
San Diego, CA 92128 
Telephone: (61 9) 451 -961 8 
Facsimile: (619)592-0242 

DENVER 

Mitsubishi Electronics America, Inc. 
4600 South Ulster Street 
Metropoint Building, 7th Floor 
Denver, CO 80237 
Telephone: (303) 740-6775 
Facsimile: (303)694-0613 



SOUTHWEST 

Mitsubishi Electronics America, Inc. 

991 Knox Street 

Torrance, CA 90502 

Telephone: (213)515-3993 

Facsimile: (213)217-5781 

SOUTH CENTRAL 

Mitsubishi Electronics America, Inc. 
1501 Luna Road, Suite 124 
Carrollton, TX 75006 
Telephone: (214)484-1919 
Facsimile: (214)243-0207 

NORTHERN 

Mitsubishi Electronics America, Inc. 
15612 Highway 7 #243 
Minnetonka, MN 55345 
Telephone: (612)938-7779 
Facsimile: (612)938-5125 

NORTH CENTRAL 

Mitsubishi Electronics America, Inc. 
800 N. Bierman Circle 
ML Prospect, IL 60056 
Telephone: (312)298-9223 
Facsimile: (312)298-0567 

NORTHEAST 

Mitsubishi Electronics America, Inc. 
200 Unicorn Park Drive 
Woburn, MA 01801 
Telephone: (617)932-5700 
Facsimile: (617)938-1075 

MID-ATLANTIC 

Mitsubishi Electronics America, Inc. 
800 Cottontail Lane 
Somerset, NJ 08873 
Telephone: (201)469-8833 
Facsimile: (201 ) 469-1 909 

SOUTH ATLANTIC 

Mitsubishi Electronics America, Inc. 

2500 Gateway Center Blvd., Suite 300 

Morrisville. NC 27560 

Telephone: (404) 368-4850 

Facsimile: (404) 662-5208 

SOUTHEAST 

Mitsubishi Electronics America, Inc. 
Town Executive Center 
6100 Glades Road #210 
Boca Raton, FL 33433 
Telephone: (407) 487-7747 
Facsimile: (407) 487-2046 

CANADA 

Mitsubishi Electronics America, Inc. 
6185 Ordan Drive, Unit #110 
Mississauga, Ontario, Canada L5T 2E1 
Telephone: (416)670-8711 
Facsimile: (416)670-8715 

Mitsubishi Electronics America, Inc. 
300 March Road, Suite 302 
Kanata, Ontario, Canada K2K 2E2 
Telephone: (416)670-8711 
Facsimile: (416)670-8715 



GERMANY ========= 

Mitsubishi Electric Europe GmbH 

Headquarters: 

Gothear Str. 8 

4030 Ratingen 1, Germany 

Telex: 8585070 MED D 

Telephone: (02102)4860 

Facsimile: (021 02) 486-1 1 5 

Munich Office: 
Arabellastralie 31 
8000 Mtinchen 81, Germany 
Telex: 5214820 

Telephone: (089)919006-09 
Facsimile: (089)9101399 



FRANCE ======== 

Mitsubishi Electric Europe GmbH 
55, Avenue de Colmar 
92563 Rueil Malmaison Cedex 
Telex: 632326 

Telephone: 47087871 
Facsimile: 47513622 



ITALY = 

Mitsubishi Electric Europe GmbH 
Centre Direzionale Colleoni 
Palazzo Casslopea 1 
20041 Agrate Brianza l-Milano 
Telephone: (039) 63601 1 
Facsimile: (039)6360120 



SWEDEN : 

Mitsubishi Electric Europe GmbH 
Lastbilsvagen 6B 
5-19149 Sollentuna, Sweden 
Telex: 10877 (meab S) 

Telephone: (08) 960468 
Facsimile: (08) 966877 



U.K. 

Mitsubishi Electric (U.KO Ltd. 

Travellers Lane 

Hatfield 

Herts ALIO 8XB, England, U.K. 

Telephone: (0044)7072 76100 

Facsimile: (0044) 7072 78692 



AUSTRALIA ==== 
Mitsubishi Electric Australia Pty. Ltd. 
73-75, Epping Road, North Ryde, 
P.O. Box 1567, Macquarie Centre, 
N.S.W., 2113, Australia 
Telex: MESYD AA 26614 

Telephone: (02) (888) 5777 
Facsimile: (02) (887) 3635 
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